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PREFACE TO THE NEW EDITION. 



I HAVE revised this volume for the present edition. 
It was impossible not to notice in the chapter on the 
Fifth Satellite of Jupiter that still further discoveries 
^ in the same direction had been made since that chapter 

was originally written. The latter part of the chapter 
on the Boundaries of Astronomy is mainly an endeavour 
to weigh the arguments for and against the truth of 
the nebular theory of the origin of the Solar System. 
I may, therefore, here say that farther consideration of 
the subject only tends to make me feel more confident 
that the nebular theory does really express the law of 
nature. 



EOBEET S. BALL. 

Oakbrtdob, 

2l8i February, 1900. 
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PREFACE TO THE I*mST EDITION. 



The present volume contains a series of sketches of 
certain parts of astronomy which are now attracting a 
great deal of attention. I may specially mention 
among the novel parts of the book Chapters XIII. and 
XrV., relating to Meteorites. The last chapter, "On 
the Constitution of Gases," discusses points which seem 
destined to be of great importance in astronomy, while 
the first chapter studies, in a new light, the great 
question of the movement of our system. 

Although several of the chapters consist of articles 
contributed to the Contemporary or the Fortnightly, 
yet it has been necessary to revise them in accordance 
witii the advance of science. In certain cases con- 
siderable alterations have been found necessary. The 
opportunity has also been taken to provide for the 
illustration of the articles, which was not possible under 
the circumstances of their original appearance. 

It gives me much pleasure to acknowledge the kindly 
assistance which has been afforded. I am indebted 
to Dr. Downing, the Superintendent of the " Nautical 
Almanac," for permission to reproduce the path of the 
Eclipse of 1893, to Mr. K Green for his beautiful 
drawing of Mars, and to Mr. J. R Gregory for the 
photograph of the large meteorite found at Youndegin, 
West Australia. I must finally express my thanks to 
my friends, the Eev. Maxwell H. Close and Mr. L. E. 
Steele, who have read the proofs through. 



KOBERT S. BALL. 



ObSKRVATORT, CAMnRIDTlB, 

2 Iff September, \S.)X 
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IS OF THE SOLAK SYSTKU. 

HAVE often speculated as to 
the appearance which the hea- 
Tens must have presented at 
very remote epochs. I do not 
now merely refer to such 
epochs as those to which hu- 
man history extends. There 
can be no great difference between the aspect of the 
skies now and the aspect which they presented wh^i 
Ptolemy or flipparchus observed them. No doubt we 
must admit thut some changes have taken place, for 
change is the law of nature. In r thousand years, or 
in a hundred years, or ten years, or even in one year, 
a number of alterations take place in the positions of 
the fixed stars which are quite perceptible te the re- 
fined measurements of the modem observatory, though 
they would not suffice to produce a derangement of the 
heavens large enough to be discernible by unassisted 
observation. But in the present chapter I specially want 
to consider the variations in the aspect of the heavens, 
which would be presented not merely after the lapse 
of a few centuries or a few tens of centuries, but after 
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stretches of time mncli longer stilL We know from the 
testimony of the rocks that our earth has been the abode 
of living creatures for periods which it seems impossible 
to express in less than thousands of thousands of years. 
It therefore seems an interesting question to inyestigate 
the possible amount of transformation which the heayens 
have undergone in, let us say, a million of years. 

The line of reasoning we shall employ suffices at all 
events to show how mighty is the transformation which 
has occurred within geological periods. The changes in 
the heayens are as profound as the changes in the earth. 
Let us consider the case of a star, or other celestial body, 
which moyes through space at the constant rate of 20 
miles a second. I haye adopted this particular velocity 
as fairly typical of sidereal motions generally. It is 
rather larger than the speed with which the earth moves 
in its orbit. The velocities of many of the stars are, 
however, known to be quite as great as that which we 
have assumed. Indeed, in the case of many stars the 
speed is greatly in excess of 20 miles a second. There 
are several stars certainly known to be moving twice as 
fast ; nor are speeds considerably higher than even this 
unobsQT^ed. We may, for instance, mention the famous 
star known to astronomers as GJ-roombridge No. 1830, 
which hurries along at the rate of at least 200 miles a 
second* Indeed, in some cases stellar velocities are 
attained which appear to be even greater than that just 
mentioned. We do not therefore make any extravagant 
supposition in adopting a speed of 20 miles per second, 
as the basis of our calculation. This being granted it is 
DOW a simple problem to discover with sufficient approxi- 
mation the change in apparent visibility which such a 
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body would undergo after the lapse of a stated period of 
time. Twenty miles a second means 1,200 miles a 
minute. That is of course 72,000 miles per hour, 
1,728,000 miles per day, or 630,720,000 miles per annum. 
It therefore follows that in a million years the distance 
through which a star will move, on the assumption we 
have made, cannot be less than 600,000,000,000,000 
miles. 

I do not think that the effect of these considerations on 
the continuance of the visibility of stars throughout vast 
periods of time has always been quite fully appreciated. 
The figures given will provide a demonstration that there 
must have been a vast change in the appearance of the 
heavens within the lapse of the last million years* To 
carry the inquiry much farther, we ought, however, to 
be acquainted with the distance of each star under 
consideration, and this is an element of which we are 
ignorant in the great majority of cases. A single instance 
will, however, suffice for an illustration. The nearest 
star as far as we yet know in the northern hemisphere 
is 61 Oygni. There have been, it is true, some discre- 
pancies between the various determinations of its distance 
which different astronomers have obtained. I think^ 
however, that we cannot be far wrong in adopting a 
value of 50,000,000,000,000 miles. I shall therefore 
take this magnitude as a typical distance to which we 
may apply the arguments of the present chapter. It 
appears that in the course of a million years a star 
with the average speed of 20 miles a second would 
move over a distance which was about a dozen times as 
great as the distance between 61 Cygni and the solar 
system. It wiU be noted that in expressing the speed of 
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the star it was assumed that the solar system remained at 
rest. If, indeed, the solar system had a motion equal and 
parallel to that of the star, it would haye been impos- 
sible to determine that of the latter, imless the motion of 
the solar system were itself known. It must, therefore, 
be borne in mind that the Telocities with which we are 
at present concerned must be regarded as relatiye mea- 
surements conducted on the supposition that the solar 
system itself remained fixed. 

If a star were displaced as much as a dozen times 
its original distance from the sun, it is obyious that a 
tremendous change in the apparent lustre of the star 
would be the consequence. If the body had moyed 
directly away from the sun, the distance between the 
two objects would be increased in the proportion of thir- 
teen to one. Had the star trayelled in about the opposite 
direction, it would haye passed comparatively near to the 
earth and its distance from the solar system, in the course 
of a million years, would be increased in the proportion 
of about eleyen to one. On the other hand, if the star 
had moyed in a direction perpendicular to the line from 
the star to the solar system, then the distance between the 
sun and the star would be rather more than twelye times 
as great as it was originally. 

It is thus evident that whateyer be the direction in 
which the star may happen to have moved, the distance 
between the solar system and the star will have increased 
during the lapse of a million years to nearly, if not quite, 
a dozen times as much as it was at the commencement of 
the same period. This leads to a remarkable conclusion 
with respect to the permanence of the visible heavens. 

According to the laws of optics, the apparent lustre of 
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a star Taries inversely as the square of its distance. If 
the distance of a star be doabled, then its brightness is 
decreased to one-fourth. If the star be removed to a 
distance three times its original amount, then the apparent 
brightness declines to one-ninth. We may therefore 
infer that if a star be withdrawn to a distance which is 
twelve times that which it has at present, then the lustre 
of the star will be reduced to one hundred and forty- 
fourth part of its primitive value. This reasoning shows 
that any star which is now situated at the distance and 
maintains the proper motion we have supposed, will in 
the course of a million years have its apparent lustre 
reduced to the one hundred and forty -fourth part of that 
which it now displays. It need hardly be said that such 
a reduction of brightness would be certainly sufficient to 
render most of the stars wholly invisible. Indeed, it is 
only stars which possess exceptional lustre at their present 
distance which would continue to be visible, even as 
telescopic objects, when they had suffered so serious a 
loss. 

These considerations lead to consequences of a remark- 
able character. We have adopted an average value of 
the proper motions, and it appears that on such an 
assumption it is highly improbable that any two stars 
not physically connected as a binary pair, should remain 
in comparative proximity for a period so long as a million 
of years. The case may perhaps be conveniently likened 
to that of a number of ships which are each bent on their 
different courses. At any particular time each of these 
vessels will generally have several other ships in view, 
but as each moves on its way the distances gradually 
alter, so that in the course of an hour or two the vessels 
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have become bO far dispersed that not one of those 
which was first seen is now above the horizon^ while 
other ships, not at first to be discerned, have come within 
sight. 

These considerations illustrate the transient nature of 
the appearance of the starry heavens when we contemplate 
periods of time comparable with those which the facts of 
geology demand for the requirements of earth -history. 
It is quite true that for the convenience of the argument ^1 

I have been obliged to take specific numbers and to ^ 

assume certain conditions, but there can be no doubt that t^ 

the illustration is sufficient for demonstrating that in the 
course of the next million years the disposition of the 
sidereal heavens must present a totally different appear- 
ance from what it now shows. By the same reasoning we 
feel assured that if a view of the heavens had been obtained 
from this earth a million years ago, it must have been 
totally different from that offered by our present 
skies. Conceive that a man were transported back to the 
time when those great forests were flourishing whose 
remains have been preserved in the form of coal. It is, 
I believe, practically certain that few, if any, of the stars 
that now adorn our skies would be then discernible by him. 
I do not mean to say that there were no stars visible at the 
time of the coal forests. It would be much more reasonable 
to suppose that the firmament was as richly spangled with 
gems then as it is now, but those heavens would not be 
the heavens which we know. The estimates of geological 
chronology generally received would place the date of the 
great coal forests at an epoch far more remote than a 
million years back Indeed, if anyone were to maintain 
that the remoteness of the period had to bo expressed in 
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tens of millions of years, I do not know of any facts by 
which he could be contradicted. The longer the time the 
more complete would have been the transformation in the 
risible objects on the sky. 

Except that the stars of this remote antiquity must 
have been totally different from our present stars, we 
know but little of them. Indeed, I might almost say 
we can know nothing. Possibly some of our telescopic 
nebulae and clusters, whose distances are beliered in many 
cases to be greatly in excess of the average distance of the 
stars, might not have been so totally transformed by their 
proper motion even in millions of years as to be unrecog- 
nisable by an eye familiar with the appearance they bear 
at present. There can, however, be no doubt that greatly 
as the stars may have changed the aspect they present to 
the terrestrial inhabitants, the sun, to which in the same 
time those inhabitants owe so much can have undergone but 
little appreciable alteration. The luxuriant vegetation of 
the coal measures demonstrates that the great luminary 
must have dispensed light as well as heat in those ancient 
days. The same fact is strikingly exemplified by the presence 
of eyes in extinct animals. Indeed, in some cases the eyes 
of creatures now only known to us by their fossil remains, 
seem to have been of the most elaborate character. Who 
that has ever visited any of our geological museimis has 
not been interested in examining the great eye of the 
ichthyosaurus P In that unique organ of vision there ig 
a remarkable apparatus of bony plates, apparently intended 
for adaptation of the organ to varying conditions. It is 
obvious that for some reason or other, as to which we can 
only speculate, a visual organ of excessive power and 
adaptability was required for this wondrous fish- reptile. I 

B 
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have often, indeed, longed to know what must have been 
the aspect which the heavens presented to that strange 
creature provided with such a marvellous optical instru- 
ment. No doubt his eye was generally employed for a much 
more practical purpose than that of astronomical contem- 
plation. If^ however, an ichthyosaurus ever did spare a 
glance at the heavens, what would have been the sight 
that would have met his gaze P 

The sun would have shone on his earth as on ours. The 
luminary was certainly larger then to some trifling extent 
than it is at present. It was, however, in all probability 
nearly as bright as it is now, though it is just possible 
that photometric measurements would have shown it to 
be not quite so lustrous as the orb we know. For, para- 
doxical as it may seem, there are grounds for believing that 
the sun, though on the whole losing heat, may neverthe- 
less be waxing somewhat brighter and hotter, and radiat- 
ing more fiercely than then. But this is a matter which 
at present we need not further pursue ; suffice it now to 
say that there is not the least reason to think there could 
have been any very considerable change in the physical 
characteristics of the sun, as the ichthyosaurus saw it and 
as we see it now. 

The moon, too, at that remote epoch must have run 
through just the same phases as it does at present. No 
doubt our satellite was somewhat nearer to the earth 
in those days than it is now. Its orb would, therefore, 
have seemed larger, and its periodic time would have 
been somewhat less. New moon must then have suc- 
ceeded new moon at a somewhat briefer interval than at 
present. It is quite possible that the lunar craters which 
are now so completely extinct may not have exhausted 
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their pristine energy before the days in which the ichthyo- 
saurus flourished. This circumstance would perhaps have 
made the telescopic picture of the moon of that period 
vastly more interesting than any views of our satellite 
which are now to be obtained. No very great difference 
would have been noticeable between the planets of this 
remote antiquity and the planets of our skies. Venus 
would then, as now, have gone through that beautiful 
series of changes from the evening star to the morning 
star, and the intervals would have been much the same as 
they are at present. The moons of Jupiter, his belts and 
his orbit, would offer no striking variation from the Jupiter 
as now disclosed to astronomers. The rings of Saturn 
would probably have been much the same then as now, 
though it may be admitted that certain changes in the 
details of the Satumian system have been thought to be 
in progress. As to what may have been the condition 
of the planet Mars, some million of years ago, we really 
have no idea. It is not improbable that the face of that 
globe would then have been very different from the globe 
which we now see. But the orbit in which Mars revolved 
even a million years ago would not have differed widely 
from that which it now traverses. 

Speaking generally, we may say that the appearance 
of the planets, at all events to the unassisted eye, and 
also the movements of these bodies, would have been 
not unlike the corresponding phenomena which they 
now exhibit. Doubtless then, as now, comets must from 
time to time have flashed across the heavens; doubt- 
less also meteors and showers of shooting stars must 
have rained down, perhaps in even greater abundance 
than they do at present. Probably solid meteorites may 
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have landed on the earth even with greater frequency 
than in these latter days. But it must be admitted that 
in other respects the appearance of the heavens would 
hare been totally different in the days of the ichthyo- 
saurus from that which we now know. The Oreat 
Bear would not then have been discernible as the most 
striking group in the northern sky. Orion and the 
other well-known groups would not have yet come into 
vision. The pole would not then have been indicated by 
the pole star, and whatever may have been the brightest 
star in the heavens it is almost certain that it cannot have 
been Sirius. A zodiac there was, no doubt, but the signs 
by which it was to be marked were not the Ram and the 
Bull and the Heavenly Twins, or the other groups which 
have discharged that duty throughout the ages of human 
history. It may have been that the Milky Way was a 
luminous girdle around the heavens in the time of the 
ichthyosaurus, as it is at present. But it is certain that 
the general features of the heavens must have been pro- 
foundly modified between the long distant past and the 
present. 

It may, therefore, be noted as a curious circumstance that 
the only permanent feature of our heavens in regard to such 
periods as those we are considering are not the fixed stars 
but the wandering planets. As they wandered then so they 
wander still, ever remaining members of that system over 
which the sun presides. It is no doubt impossible for us 
to form any conception as to what those stars or groups of 
stars may have been which adorned the skies of ancient 
geological times in the same way as our own constellations 
brighten our present skies. Calculations so instructive 
elsewhere will not suffice here. No methods known to us. 
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or conceivable by us, can ever reproduce what the heavens 
must have been like at periods of millions of years ago. 
There could be no more interesting sight than a glimpse 
at the starry heavens in the time of the ichthyosaurus. 
We have read somewhere of a fable to the effect that the 
last object on which an eye rested ere it closed imprinted 
its picture permanently on the retina. Would that such 
a notion were founded on fact, and that the impression of 
the last celestial picture on which the eye of the ichthyo- 
saurus gazed before he breathed his last were treasured up 
in the fossilized organism. 

In the consideration of the gradual transformation of 
the heaveus, I have found it convenient to speak as if the 
earth, or rather the solar system to which the earth 
belongs^ occupied a fixed position in space. But when 
we have learned that some or all of the stars are in move- 
menty it seems right to inquire whether the sun might 
not also participate in the motion. May not the sun be 
engaged in some mighty voyage through the celestial 
spaces, taking in its company the earth and the other 
planetary bodies by which it is attended? Here is, 
indeed, a grand problem ; I propose to enter into its 
discussion with the assistance of certain recent investi- 
gations. 

In the first place, it must be remembered that for the 
sun to be actually devoid of movement could be little 
short of miraculous. There are, of course, an infinite 
number of different movements possible, for there is every 
degree of velocity and difference of direction to be con- 
sidered. On the other hand there is only one type of rest, or 
absolute quiescence, and it would be just as likely that a 
body should possess any stated velocity, say ten miles^ ten 
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yards, and three quarters of an inch per second, as that it 
should possess that particular characteristic implied in the 
absence of all movement whatsoever. It thus appears that, 
even in the absence of direct testimony on the subject, there 
is only one chance that the sun should be at rest, while the 
chances that it is not at rest are absolutely infinite. Under 
these circumstances rational beings will conclude that 
the sun is not at rest, and once we have admitted that 
the system is in motion, our next duty will be to discover 
the characteristics of that movement. 

There are several different methods by which this 
problem has been investigated. They all lead to results 
which are in such substantial accordance that there can 
be no reasonable doubt that the difficult problem of the 
motion of the sun has been solved with considerable 
approximation. 

It will be noted that in this inquiry there are two 
different problems which have to be considered. The first 
of these relates to the direction of the sun's movement, 
and the second to its velocity. These investigations have 
hitherto generally been conducted simultaneously. It is, 
however, now apparent that the most satisfactory solution 
of the problem is to be obtained by employing one of the 
methods for the determination of the direction of the sun's 
motion, and a quite different method for the determination 
of its velocity. I shall deal with the two branches of the 
subject consecutively. 

The only method of learning the actual displacement 
of the solar system in space must be founded on the 
observation of bodies external to that system ; at all 
events to the extent of not participating in the motion with 
which the system is wimated. Of course the only such 
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bodies ayailable are the stars. Here at once we are met 
by the difficulty that the stars are themselves in move- 
ment. These movements affect the value of the stars, as 
points of reference, so seriously, that if there were only 
one or two stars available for the inquiry it would be 
utterly impossible for us ever to discover the movements 
of the solar system. But there are, of course, hundreds, 
or rather thousands, of stars, which can be made to render 
assistance. No doubt these stars are themselves endowed 
with movements, but their journeys are so varied that the 
effects they produce tend to neutralise each other, so far 
as our present purpose is concerned. We are thus enabled 
to investigate the problem as if the stars were at rest, 
when a sufficiently large number of them are considered 
together. 

Supposing the solar system to be bound on a journey 
through the celestial spaces, it is obvious that in the 
course of time apparent displacements would be thereby 
produced in the relative positions of the stars. The 
nature of the effects produced may be seen from the 
following illustration, which has often been given before, 
but may serve us once again. Let us think of a harbour, 
the entrance of which is marked by two lights, one on 
either hand. As the ship approaches the harbour the 
two lights, which, while the vessel was still a long way 
off, seemed close together, begin to open out. As the 
vessel approaches still nearer the lights spread wider and 
wider until at last, just as the ship enters the port, the 
two lights have opened so completely that one is on the 
right hand and the other on the left. In this manner we 
become familiar with the conception that the lights seem 
to spread away from the point towards which the motion 
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is directed. In like manner it is easy to see that when a 
vessel is sailing away from the port, the beacons seem 
gradually to draw in together. This consideration pro- 
vides us with the means of discovering the point in the 
sky towards which the motion of the sun is directed. We 
expect that point to be indicated by the circumstance that 
the stars appear to be spreading away from it. 

The correctness of the inference that this is the spot 
towards which the system is moving will be confirmed, if 
at the same time it be noticed that the stars are drawing 
in towards that point in the celestial sphere which lies 
diametrically opposite. This investigation has been con- 
ducted with extreme care. Many astronomers, beginning 
with William Herschel, have applied themselves to its 
solution. The most complete investigation is that 
recently undertaken by Herr Stumpe. He has employed 
a very large number of stars, and he has adopted every 
precaution to insure accuracy in the results. Means are 
provided to enable the precision of his determinations to 
be properly tested. Stumpe has divided the stars used in 
his inquiry into four different groups, and he has obtained 
an independent determination from each of these groups. It 
is naturally of much interest to inquire where the point in 
the heavens is situated towards which, at the present time, 
the solar system appears to be wending its way. Each of 
the four groups which Stumpe employed has given him a 
distinct determination. The several investigations agree 
in locating the point within the limits of the constellation 
Lyra, adjoining that region of Hercules in which the 
earlier and less complete investigation of the same problem 
had located the apex of the sun's way. One of the four 
points lies actually at the wo?iderfuJ double-double EpsiloQ 
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Fig. 1. — The Constellation Lyra. 

The star 6 marks the point in the heavens to^rards 
which the sun's motion is cUxecied. 



LyrsB, quite close to the brilliant star Vega. It is there- 
fore interesting to notice that this gem of the Northern 
skies is also in the vicinity of the actual spot to which 
the system must be tending. Each of the other three 
groups of stars employed in Stumpe's researches places 
the apex at some little distance, though still within the 
boundaries of the same constellation. We shall certainly 
not be far wrong if we adopt the average position indicated 
by these four sets of stars as the final result of this most 
elaborate inquiry. This point lies close to the star Delta 
LyrsB, as shown in the above figure (Fig. 1). Per- 
})ap it may be of interest to know how this particular 
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point may be identified. It can be speedily picked np in 
the heayens, as follows: Every owner of a telescope is 
acquainted with Beta Cygni, the most glorious coloured 
double star that the northern heavens have to offer. A 
line from Yega to Beta Oygni shows at about one-fourth 
of the way a bright star, which is Delta Lyrse. It is 
towards this particular spot of the heavens that the sun, 
bearing the earth and all the other planets with it, is 
hurrying at this moment. 

The sweep of the solar system through space is repre- 
sented in the adjoining figure (Fig. 2). The sketch may 
serve to illustrate the principles on which the deter- 
mination of the solar velocity is based , but of course it is 
out of the question that the proper proportions could be 
observed in such a diagram. In the course of a century 
the advance of the system towards Lyra will make the 
stars appear to move in the manner represented by the 
arrows affixed thereto. Two of the stars are thus seen 
to spread away from Lyra, while the positions of the 
other stars are such that they seem to draw in towards 
the opposite point of the celestial sphere, which is suffi- 
ciently indicated by the star Pi Puppis. 

If the region to which the motion of our system is 
directed be adorned by the splendour of Lyra, it is note- 
worthy that the opposite part of the sphere from which 
we seem to be flying is also remarkable for its stellar 
glories. It lies almost midway between Sirius and 
Canopus. 

We shall now turn to the investigation of the allied 
problem as to the velocity with which the solar system 
wends its way. A different method of studying the 
subject which has lately come into practical application 
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Fig. 2. — The Voyage of the Solar System. 



18 here to be introduced. It may be remarked that the 
determination of the speed of the system requires quite a 
different clas9 of information from that which suffices to 
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give the situation of the apex of the sun's way. No 
doubt if we knew the distance of the stars we could then 
deduce the rate of the solar motion from observation of 
the apparent displacements of the stars. IJnfortuinately 
we are so ignorant of tbe distances of the great majority 
of the stars that the process indicated is almost wholly 
inapplicable with any satisfactory results. It is there- 
fore fortunate that we have a method of investigating the 
problem which does not require any knowledge as to the 
stellar distances. 

In other parts of this volume we shall dwell upon the 
important information which the spectroscope has been 
made to yield with respect to the movement of celestial 
bodies along the line of vision. It is of the essence of 
this method of research that the determination of the 
velocity of the body is obtained quite independently of the 
star's distance from the observer. The indications of the 
spectroscope assure us that a star is moving with a velo- 
city of, say, five miles, or ten miles, or some other pace, 
per second towards the observer or from the observer, and 
this information has no connection whatever with the 
remoteness of the star. On this account it becomes spe- 
cially applicable to the problem we have now to consider. 

Of course it will be understood that the stars are them- 
selves endowed with absolute movements. It is therefore 
not always correct to assume that when the solar system 
and a star are lessening their distances this is to be attri- 
buted entirely or even largely to the movement of the 
solar system. Both the solar system and the star are 
moving, and the motion observed is the resultant of the 
two. If, therefore, we had otfly a few stars wherewith to 
Qo^trpl the inquiry, the spectroscopic method coi^d ad4 
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no information with regard to the movement of the solar 
system. But- when there is so large a number of stars 
distributed in such a way that we are entitled to assume 
that on the whole there is about as much motion in one 
direction as there is in exactly the opposite direction, then 
it becomes possible to eliminate the disturbing effects in- 
troduced by the fact that the stars are tiot themselyes at 
rest. When we employ stars enough, we may proceed in 
the inquiry exactly as if the stars were indiyidually at 
rest, and as if all the motion perceived could be attri- 
buted to the movement of the solar system. "No doubt 
there would be a fallacy in this proceeding if it happened 
that there was a general drift of the stellar motions in one 
direction. If this was the case, then the methods now 
employed would attribute, and would falsely attribute, a 
movement to the solar system equal and opposite to that 
with which the sidereal system was animated. It is, 
however, found that by a judicious selection of the 
stars, we are able to preclude the possibility of such a 
consentaneous sidereal movement as is here contemplated. 
It is obvious that a movement of the solar system 
towards one region in the heavens must be accompanied 
by a general diminution of the distances between the 
stars in that region and our solar system. On the other 
hand, the distances from the solar system to the stars at 
the opposite region of the celestial sphere will be gene- 
rally increased by such a movement. If the stars were 
at rest, or if a su£Scient number of stars were taken to 
eliminate the consequences of their individual motions, 
then the spectroscopic search for the movements of the 
solar system becomes very simple. It is only necessary 
to measure the rate at which the solar system alters its 
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distance from the various points around. That point ou 
the celestial sphere where the star shows the velocity of 
approach to be greatest, can only be the point towards 
which the solar system is directing its motion. The 
opposite point of the heavens is that from which the move- 
ment of retreat is greatest. At intermediate points there 
will, throughout* one hemisphere, be indications of 
approach, and throughout the other indications of retreat. 
The stars employed in these researches are those which 
have been investigated speotroscopically by Professor 
Yogel in his memorable Potsdam observations. The 
number of the stars made use of was 51. It must be 
observed that though the method under consideration is 
admirably adapted to discover the speed of the solar 
system, it is not equally fitted to indicate the position of 
the point on the heavens towards which the sun's motion 
is directed. It can be shown that the conditions are 
such as to render the detection of that position by the use 
of the spectroscope much inferior to the determinations 
ajBTorded by the former process employed by Stumpe. I 
therefore only use the spectroscopic method for the deter- 
mination of the velocity deduced on the supposition that 
the apex of the sun's way is indistinguishable from the 
position of Delta LyrsB. The result of VogeFs investi- 
gation is to show that the velocity of the solar system is 
about eight miles a second. The accuracy possessed by 
this result is as usual best indicated by its probable error. 
It can be* shown that the probable error of the statement, 
that the solar velocity is eight miles per second, is 
about two, that is to say, it is equally probable that the 
error of the result lies below two miles a second as that it 
lies above. 
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In conclusion it would seem that the sun and the whole 

solar system are bound on a voyage to that part of the 

sky which is marked by the star Delta Lyra. It also 

appears that the speed with which this motion is urged 

is such as to bring us every day about 700,000 miles 

nearer to this part of the sky. In one year the solar system 

accomplishes a journey of no less than 260,000,000,000 

miles. As you look at Delta Lyras to-night you may 

reflect that within the last twenty-four hours you 

have travelled towards it through a distance of nearly 

three-quarters of a million of miles. So great are the 

stellar distances, that a period of not less than 180,000 

years would be required before our system, even moving 

at this impetuous speed, could traverse a distance equal 

to that by which we are separated from the nearest of the 

stars. 



CHAPTER 11. 

THE PHYSICAL CONDITION OF OTHER W0HLD9. 

Y the term uwld we mean, 
usually speaking, this globe 
on which we stand; but the 
merest glance at the sky 
through a telescope will show 
us that our world is only one 
of many worlds. Further re- 
flection and study of other partes of the universe will 
convince us that among these other worlds there are many 
in different stages, so to speak, of their development. 
We may represent our earth, for instance, as a world in 
the maturity of its being, but there are others which 
exhibit diflerent phases of progress. Some will appear as 
worlds which are to be regarded in extreme old age, 
while others again seem to be in an imperfect or immature 
eondition. 

Suppose that you came into a room and found a pitcher 
of water on the table. You placed your hand on the 
pitcher and you felt that the water was tepid. If you 
knew that the pitcher had stood there for an hour, you 
would be able to draw the conclusion that the water must 



THE PHYSICAL CONDITION OF OTHER WORLDS. 33 

have been hotter when it was placed there than when you 
felt it. If when you had felt the temperature you found 
the water as cold as the air in the room, then you could 
not infer its original temperature. It might have been a 
jug of cold water to begin with, or it might h^ve been 
warm, and have grown cold ; you could not tell which. 
If, however, the water be in the slightest degree warmer 
than the air in the room, then the argument that it must 
have cooled^ from a higher temperature is irresistible. 
This is so obvious a doctrine that it may seem unnecessary 
to write it down. But, obvious though it be, it will yet 
teach us much about the past history, both of our earth 
and of other globes ; especially will it prove instructive 
about those unfinished worlds of which we are now 
speaking. 

If in a blacksmith's forge you incautiously placed your 
hand upon a piece of iron, and it burned your fingers, 
and if the blacksmith told you that the iron had lain 
there for half an hour, you would not doubt that it 
must have been much hotter when the blacksmith drew 
it from the fire than you found it to be. Probably it 
was even red hot at the time it was laid aside. The 
argument would still apply if the object, instead of being 
a lump of iron, were a block of stone ; it would apply if 
the body were as big as a mountain or as big as the 
moon ; neither the fire nor the material would really 
affect the reasoning. If you found the body to be hot 
you may feel perfectly certain that hours ago, or days 
ago, or years ago, or centuries ago, it must have been 
hotter still. We must apply this argument to that 
immense globe, 8,000 miles in diameter, on which we are 
standing. It has an exterior crust of rocks and stones, 

c 
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and contains a good deal of iron inside. This great ball 
is undoubtedly very hot in its interior. We have many 
reasons for knowing this to be the case. The eruptions 
of volcanoes afford the simplest proof. The smoke, the 
ashes, and the molten lava which volcanoes pour forth 
show us that the earth is anything but cool in the lower 
regions. Other terrestrial phenomena bear similar testi- 
mony. Hot springs, for instance, evince the heated 
condition of the deep-seated rocks. Any miner will tell 
you that the deeper his mine the hotter he finds his work 
to be. The gain in heat arises from the fact that the 
deeper the mine the nearer it lies to the central incan- 
descence. We are not now referring to such heat as is 
produced by combustion. We are discussing the way in 
which a body that has once been heated by a fire, or by 
some other agency, gradually parts with its heat and falls 
in temperature. There is no means of replenishing to 
any large extent the heat of the inside of our earth by 
combustion. The earth's interior temperature must, there- 
fore, on the whole, be simply falling in accordance with 
the laws of cooling. 

The conclusion to which we are led by this reasoning 
is a remarkable one. We know that our earth has been 
in existence for an incalculable period of time. We are 
not even able to estimate how many thousands of years 
have elapsed since man began his course on our globe, 
but the human period is merely the latest of all the great 
periods in world-history. Long before man commenced 
to live here the earth was the abode of life ; countless 
races of animals, large and small, now generally extinct, 
roamed through forests of trees, or through vegetation of 
a kind largely if not wholly different from anything 



j^. 3.— S^ral t<xm 



<rfUie»eW"»™" 



36 JN I HE HIGH HEAVENS, 

which now grows. Time after time have these races of 
organized beings passed away and been replaced by others 
entirely different. There were times when this globe 
was inhabited by reptiles far larger than any terrestrial 
animals now living. All the zoological gardens in the 
world at present would not be nearly large enough to 
contain representative specimens of all the varieties of 
animals which have from time to time found a home on 
this earth. But these animals have now passed away, 
and the only means we have of learning that they ever 
existed is afforded by the occasional skeletons which in the 
form of fossils are now and then extracted from the rocks. 
No one has succeeded in making any reliable estimate of 
the number of years which have run their course since 
first this globe assumed its present shape. But no one 
can doubt that these years are to be reckoned in their 
millions, though whether these millions are to be expressed 
in units or tens or hundreds, or in periods even greater 
still, is a matter beyond our knowledge. 

During all these ages the earth must gradually have 
been growing colder, and therefore at the beginning it 
must have been hotter than it is to-day. As we look 
back earlier and still earlier the earth ever seems hotter 
and hotter through the ages. At least the argument 
points to a time when the earth must have been hot even 
to its surface, so hot that you could not stand on it, and 
then earlier still it was red hot, white hot, and molten. 
Even here the argument does not fail ; we find the heat 
must have been greater and greater the further we look 
back, until at last we come to a time when the now solid 
materials of our earth must have been in a widely different 
form. For we know that the most infusible materials 
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like steel or flint can, if they be heated sufficiently high, 
not only be transformed into a liquid^ but even be driven 
ofi into a vapour. Thus we l^m that there was a time 
when our earth was merely a mass of glowing gas. 

A great deal of light is thrown upon this subject by 
looking at other worlds, some of which are to be seen in 
quite an unfinished state even at the present moment. 
They are unfinished in the sense that the gaseous material 
has not yet condensed down sufficiently to form a solid 
globe. There are thousands of bodies with which astro- 
nomers are acquainted which will in one way or another 
illustrate these phases of our earth's past history. I shall 
only mention one, which is typical of a remarkable class 
of similar objects. Fig. 3 represents one of the famous 
spiral nebulae, discovered many years ago by the late 
Earl of Bosse. The object is invisible to the naked eye. 
It seems like a haze surrounding the stars, which the 
telescope discloses in considerable numbers, as shown in 
the picture. When viewed through an instrument ol 
sufficient power a marvellous spectacle is revealed. 
There are wisps and patches of glowing cloud-like material 
which shine not as our clouds do by reflecting to us the 
sunlight. This celestial cloud is self-luminous ; it is in 
fact composed of vapours so intensely heated that they 
glow with fervour. As I write, I have Lord Rosse's 
elaborate drawing of this nebula before me, and on the 
margin of this stupendous object the nebula fades away 
so tenderly that it is almost impossible to say where the 
luminosity terminates. Probably this nebula will in some 
remote age gradually condense down into more solid sub- 
stances. It contains, no doubt, enough material to make 
many globes as big as our earth. Before, however, it 
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settles down into dark bodies like the earth, it will have 
to pass through stages in which its condensing materials 
will form bright son-like bodies. It seems as if this 



Fig. *.— Cnb Nebula. 

process of condenaation might almost be witnessed at the 
present time in some parts of the great object. 

There are also some very striking nebulie which are 
often spoken of as planetary. They are literally balls of 
bluish-coloured gas or vapour, apparently more dense 
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than that which forms the nebula now under consideration. 
Such globes are, doubtless, undergoing condensation, and 
may be regarded as incipient worlds. 

Our fellow-planets like the earth are guided and held 
in their ever-circling way by the attraction of the sun, 
while they are also illuminated by the light which he 
pours forth with such liberality, and warmed with the 
rays of heat which he sends them. The sun does not, 
indeed, confer these benefits in an equal degree on all the 
members of his family ; those which are nearer to him get 
much, perhaps too much according to our notions, of his 
heat, while those like Uranus or Neptune, which lie on 
the outskirts of the system, get little, perhaps too little, of 
those particular benefits which he dispenses. This world 
of ours thus occupies a somewhat intermediate position. 
The structure of the human body would have to be con- 
siderably modified if we were to find a congenial residence 
either so near the sun as Mercury or so far from him as 
Neptune. As we live on this e«rth in the temperate 
regions, and suffer neither from the fearful heat at the 
equator nor from the horrors of the frozen poles, so too 
does our entire world enjoy what we may describe as a 
temperate situation in the series of bodies belonging to 
the solar system. 

In other respects, too, our position is an intermediate 
one. There are some planets, such as Mars and Mercury, 
which are very much smaller than our earth. There are 
other planets, such as Jupiter and Saturn, which are 
enormously greater than the earth ; and there is Yenus, 
our beautiful neighbour, which is almost exactly the 
same size. Considering that this earth may be taken as 
an average specimen of the worlds which form the sun's 
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family, it is natural to inquire how far the other planetn 
may be constituted in the eame way as our own. Most 
of the questions which we should like to ask on this head 
are such as, unhappily, cannot be answered. Especially 
should we like to know whether the other planets are 
inhabited, but on this our greatest telescopes can give us 
no information whatever, and we can only form the vaguest 
surmises. The features that would be discernible on the 
neighbouring planets must be immense indeed. It would, 
for example, be utterly impossible for us to recognise 
towns, even if such objects as towns existed, though 
it might still be possible to discern the broader outlines 
of extensive continents or mighty oceans. We could 
also observe the clouds, if clouds existed, around a neigh- 
bouring planet, because owing to their extent and to their 
position on the outside they would be comparatively easy 
to see, while the incessant changes of the clouds would 
render them an attractive feature to the observer. 

We have accordingly in this chapter decided to say 
what we can with respect to the clouds and oceans which 
are to be met with on some of the other planets. Even 
here, however, we must be content with a knowledge 
which is much more scanty than an intelligent curiosity 
would desire. In many of the planets we can see little 
or nothing of this kind that can be certainly made out, 
while even on those which we can see best it is only the 
very broadest and most striking features that can be 
discerned. Of Venus, unhappily, we can see nothing or 
next to nothing that would give us any information as 
to the presence or the absence of oceans and clouds. 
The loveliness of the evening star is due to the 
brilliancy of the sun -beams in which she is decked, 
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but this very brilliancy is inconvenient in the telescope, 
where it merely appears as a glare which renders all 
details invisible. Beyond a few ill-defined and incon- 
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Fig. 5. — Gomparatiye Sizes of the Planets. The great circle represents the Sun. 



spicuous marks, nothing has ever been seen on this planet 
which is of any interest for our present purpose. 

Though clouds are comparatively an unimportant 
feature on Mars, they assume the most extraordinary 
importance on Jupiter. He is a gigantic body, by far 
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the largest of all the planets ; larger, indeed, than all 
the other planets put together. Viewed in the telescope, 
the surface of Jupiter is usually seen crossed by two belts, 
one above and one below his equator. You would produce 
something like them on any ordinary globe by making a 
broad belt on the tropic of Cancer, and another on the 
tropic of Capricorn. Now, these belts on Jupiter are not 
fixed features of his surface ; they are constantly changing 
their aspect. Sometimes they are hardly to be seen 
at all, and on other occasions they widen their limits 
and become irregular at their edges ; the greater part 
of the surface of the planet is more or less covered 
over with similar markings. We see nothing on this great 
planet that resembles the oceans and continents on Mars, 
nor have we any indications of arctic regions on Jupiter's 
surface. In fact, the longer we look at Jupiter, the more 
we become convinced that the surface of the planet 
is swathed with a mighty volume of clouds so dense and 
so impenetrable that our most powerful telescopes have 
never yet been able to pierce through them down to 
the solid surface of the planet. Indeed we can hardly 
say whether this planet has any solid interior at all. 
There is one object on Jupiter known as '' the great red 
spot,'' which for several years was more or less recog- 
nisable. This seemed to be a great volcano, or some 
other projection from beneath, which was tall enough and 
large enough to make itself visible through the mighty 
covering of clouds which act as an effectual screen to hide 
all objects of lower prominence. 

There is another very interesting way in which we can 
confirm the fact that the apparent volume of Jupiter is 
swollen by these mighty clouds which so closely encase 
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him. Careful measurements having been made it has been 
shown that Jupiter is 1,200 times bigger than our earth : 
in other words, that 1,200 globes, each as large as this 
earth, rolled together into one, would only form a ball as 
big as this mighty planet. Astronomers also have the 
means of weighing a great planet as well as of measuring 
it. How this weighing is to be effected I shall not here 
pause to describe ; suffice it to say that the little moons by 
which Jupiter is attended afford by their movements the 
means of answering the question ; and the answer is 
a significant one, for we find that Jupiter is about 300 
times as heavy as the earth. This gives us, indeed, an 
impressive idea of the magnificence of the mightiest of the 
planets. Were a pair of gigantic weighing scales 
constructed, and Jupiter placed in one of these scales, 
then it would require 300 globes each as heavy as the 
earth to be placed in the other before the mighty balance 
could turn. Yet when we remember that Jupiter is 1,200 
times as large as the earth we may well feel surprised at 
learning that he is only 300 times as heavy. Were 
the constitution of the planet at all like that of our earth, 
then the weights and the sizes should observe the same 
proportions, just as one solid iron ball, when ten times as 
big as another, will be ten times as heavy. The light- 
ness of Jupiter in comparison with his size is really the 
point that merits our astonishment. He is, indeed, not 
so very much heavier than a globe of water the same size 
would be, while our earth is five times as heavy as a globe 
of water equally large. The true explanation is that 
Jupiter is so swollen by these enormous masses of cloud 
which surround him as to give him a bigness altogether 
out of proportion to his mass. Therefore, as Mars gives 
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us an illustration of the existence of oceans on other 
planets, so Jupiter provides us with a splendid example of 
a planet encompassed with clouds. 

It is interesting to compare the circumstances attending 
our residence on this earth with the corresponding condi- 
tions that would be found if we could change our abode 
from this globe to another planet. I propose to discuss 
a few of the points which arise when we consider such 
questions. In the first place we must remember that our 
bodies have been specially organized and adapted to suit 
our surroundings on this particular world. I do not think 
it is at all probable that a man could exist, even for five 
minutes, on any other planet or any other body in the uni- 
verse. We know that within even the limits of our own 
earth, each one of us has to be provided with a consti- 
tution appropriate to a particular climate. An Eskimo 
18 suitably placed in the arctic regions, a negro on the 
equator ; and were they to change places, it is hard to 
say whether the heat would not have killed the Eskimo 
even before the cold killed the negro. But such an 
attempt at acclimatization would be easy when compared 
with that which would be required before an inhabitant 
adapted to one globe could accommodate himself to a resi- 
dence on another. Indeed, there seem to be innumerable 
difficulties in supposing that there can be any residence for 
man, or for any beings nearly resembling man, elsewhere 
than on his own earth. 

Let us specially review a few of the other globes, be- 
ginning with the sun. I think we need not give many 
reasons to show that a man could not live there long. 
Every boy knows how a burning glass can kindle a piece 
of paper by concentrating the sun's rays. Some great 
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baming glaeses have been constructed with which iron, 
steel, and even flJDta have been actually melted by the 
Bun's heat. It can be proved that the sun himself must 
be hotter thao any temperature that can be produced in 
die focns of the most powerful burning glass. We cer- 
tainly cannot conceive any organized being which would 



Fig. 6.— The Clond« on Jajntar, Ootober Uth, 1891. 

find a congenial residence in a temperature vastly hotter 
than that of the most powerful furnace that has ever been 
known. Assuredly there can be no life on the sun. 

The next celestial world in importance to the sun is, of 
course, the moon. Could we find here an eligible abode 
for mankind P The moon would, no doubt, provide the 
necessary alternation from day to night, but the day on 
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the moon would last for a fortDigfat, aad then there vould 
be black night for another fortnight. During the long 
day* the moon would be terribly scorched, a circumstance 
which would be hardly compensated for by the fact that even 
if wesuTTired the scorching we should certainly be frozen 
to death during the ensuing night. But there would be 



Fig. 7. — Juiiiler, ahoiriiiK the ahadow of a. Satellite, October 15th, 1891. 

other insuperable di£Sculties attending an attempt to make 
an abode on the moon. The absence of water is one of 
them, while a still more immediate trouble would arise 
from the deficiency, if not total absence, of air suitable for 
respiration. Indeed, it is almost impossible for us to con- 
ceive what an airless world would he like. Fishes out of 
water would not be more uncomfortable than we should 
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find ourselyes. But suppose that we managed to bring a 
supply of oxygen that might enable us to avoid suffoca- 
tion by the use of artificial respiration, we should still 
find the moon a very strange world. We could hear 
nothing, for sound exists not except in air. We could 
strike no match or light no fire. We could feel no wind 
and see no clouds. There would be also an embarrass- 
ment of a different kind which there would not be any way 
of obviating. 

Suppose that we were actually on the moon, and 
that we had in some way obtained the necessary provi- 
sion both of air and of water, and had begun to walk 
about, we should experience sensations of a novel descrip- 
tion. The extraordinary lightness of CTerything would 
be specially noticeable. Take a lump of iron which 
weighs six pounds on the earth, you would find on the 
moon that it seemed to weigh only as much as one pound 
would do on the earth. Everybody knows that it requires 
considerable exertion to lift a 56 lbs. weight here, but on 
the moon it would hardly require as much effort as you 
ordinarily have to put forth to lift ten pounds. Indeed, 
the weight of every object on the moon would be reduced 
to the sixth part of that which the same object has on 
the earth. No doubt in some ways this might prove a 
convenience to the moon dwellers. Their bodies would 
partake of the general buoyancy ; walking and running 
would be amazingly facilitated ; and the same effort that 
would enable you to jump over an obstacle three feet high 
here would carry you with ease over a wall eighteen feet 
high on the moon. A good cricketer can throw a ball 
about a hundred yards here. If he made the same exer- 
tion on the moon he could throw the ball over a third of 
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a mile. The diminished grayitation would prove of ser- 
vice in athletic performances on the moon. Not only 
would a bicycle be driven along with unparalleled ease 
and rapidity if the lunar roads were smooth, but even 
the disagreeable process of taking a header over the 
handles would lose its terrors, for the lunar bicyclist 
would fall gently and softly to his mother earth. It 
may, however, be questioned whether our bodies would 
be adapted for a life under such conditions. It seems 
almost certain that as the muscular system of the 
human body has been arranged to work with the 
particular gravitation that is found on this earth, it would 
be impossible for it to be accommodated to a gravitation 
which had only a sixth of the intensity for which it was 
adapted. On these grounds we conclude that neither the 
times nor the seasons, neither the gravitation nor the other 
distinctive features of the moon, would permit it to be an 
endurable abode for life of the types we are acquainted 
with. 

Let us now consider some of the more distant worlds, 
and examine their claims to be regarded as possible 
homes for beings in any degree resembling ourselves. 
There are many of these worlds with regard to which we 
may at once decide in the negative. Could we, for 
instance, live on a planet like Neptune P It lies thirty 
times as far from the sun as we do. The share of the 
light and heat from the sun which a Neptunian inhabitant 
would receive could only be the nine-hundredth part of 
that which is dispensed to every dweller on this earth. 
This fact alone would seem to show an insuperable obstacle 
to the existence of any life on Neptune resembling those 
types of life with which we are familiar. The orbit of 
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Neptune is also so vast that the planet requires a period 
of 165 years in order to complete a single revolution. 
The changes of Neptunian seasons must, therefore, be 
extremely protracted. A man who was bom at mid- 
winter in Neptune would haye reached extreme old age 
if he surviyed until the next ensuing mid-summer. 

I cannot discuss the times and seasons of all the celestial 
bodies, so I have taken a few typical instances. Neptune 
was appropriate as being the most remote planet. Now let 
us speak of Jupiter, the greatest planet. The day and 
night on Jupiter are both extremely short, for together 
they do not quite amount to ten hours. Jupiter's year, 
however, is almost twelve of our years. Although a man 
on Jupiter would only receive one-twenty-fifth part of the 
heat of the sun that he would do on the earth, yet it does 
not seem likely that there would be reason to apprehend 
that Jupiter would be uninhabitable from cold. Quite 
the contrary is the case. Indeed, it seems not unlikely 
that the excessive heat of Jupiter would be found intoler- 
able by beings with nerves like ours. This heat has, 
however, not come from the sun ; it is the internal heat 
of the planet itself, which has not yet sufficiently cooled 
down from that original fiery condition characteristic of 
every body of our system in its initial stages. 

Jupiter certainly has an atmosphere, but we do not 
know from what gases that atmosphere may have been 
blended. It might consist of materials noxious, if not 
actually poisonous ; and in any case it is extremely un- 
likely that it should contain both the ingredients and the 
proportions suited to our organs of respiration. But there 
are independent grounds for knowing that Jupiter must be 
an impossible home for beings so constituted as we are. On 

1) 
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the moon every object would be deprived of five-sixths of 
its weight, because the moon is a comparatively small 
globe. Were we, however, to be transferred to Jupiter, 
the weight of every object would receive an extraordinary 
augmentation. Our muscles would be found utterly 
inadequate to their work. Walking, or even standing, 
would involve the most fearful exertion, while rising 
from bed in the morning would be a difficult, indeed, 
probably, an impossible process. I see no likelihood that 
Jupiter can be the home of any life whatever. 

We may dismiss from our present consideration such 
bodies as the comets. A comet moves during the greater 
part of its course through the depths of space at inconceiv- 
able distances from the sun. Out there, the comet traverses 
regions where the cold would be absolutely incompatible 
with life of any type conceivable by us. Then for a brief 
period, to be measured in months, weeks, days, or even 
hours, the comet is wheeling around the sun, where it is 
often exposed to a frightful temperature sufficient to fuse 
and even vapourise bars of wrought iron. A comet, 
indeed, is not a likely abode for life, though I ought to 
mention that comets often contain the element carbon. 
This is a very singular fact when it is remembered that 
carbon is one of the substances essentially associated with 
life in the forms in which we know it. 

There is, however, one body in our system whose times 
and whose seasons accord so closely with our own that it 
is impossible not to believe that Ufe of some kind may 
there be found. The length of the day and night to- 
gether on Mars is 24 hours 37 minutes ; that is practically 
only about half an hour greater than the corresponding 
period for our own globe. The year of Mars is, no doubt 
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longer than ours, being about a year and eleven months. 
The size of Mars is less than the size of our earth, and, 
therefore, the gravitation on Mars is not so great as we 
have here. I do not mean to say that it is the least likely 
that any man, woman, or child transplanted from this 
earth to Mars could live and thrive there. The tempera- 
tnre might be endurable, and water appears to be not 
wanting, but I do not think we have any reason to expect 
that the atmosphere would suit human beings either in 
quantity or quality. As, however, the case of Mars will 
be discussed in another chapter in this volume, we do not» 
here refer to it further. 



CHAPTER III. 

THE WANDERINGS OF THE NOKIB POLE. 

N a visit to Cambridge, Pro- 
fessor E. E. Barnard, the dis- 
coverer of the fifth satellite 
of Jupiter, exhibited at the 
Cavendish Laboratory a moat 
interesting collection of pho- 
tographs made at the Lick 
Observatory. These pictures 
were obtained by a six-inch 
photographio lees of three-feet focus, attached to an 
ordinary equatorial, the telescope of which was used as 
a gnider when it was desired to obtain a picture of 
the stars with a long exposnre. Among the advantages 
of this process may be reckoned the large field that is 
thereby obtained, many of the plates that he exhibited 
containing as much aa sixteen square degrees. I am, 
however, not now going to speak of Barnard's marvellous 
views of the Milky Way, nor of the plate on which a 
comet was discovered, nor of the vicissitudes of Holmo's 
comet, nor of that wonderful picture in which Swift's 
comet actually appears t« be producing, by a process of 
gemmation, an ofEsboot which is evidently adapted for 
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an independent cometary existence. The picture to 
which I wish specially to refer in connection with our 
subject was obtained when the instrument was directed 
towards the North Celestial Pole. 

In this particular case the clockwork which is ordi- 
narily employed to keep the stars acting at the same 
point of the plate was dispensed with. The telescope, in 
fact, remained fixed while the heavens rotated in obedi- 
ence to the diurnal motion. Under these circumstances 
each star, as minute after minute passed by, produced an 
image on a different part of the plate ; the consequence 
of which was that, when the picture was developed, the 
record which the star was found to have left was a long 
trail instead of a sharply defined point. As each star 
appeared to describe a circle in the sky around the Pole, 
and as, in the vicinity of the Pole, these circles were 
small enough to be included in the plate, this polar 
photograph exhibited a striking spectacle. It displayed 
a large number of concentric circles, or rather, I should 
say, of portions of circles, for the exposures having lasted 
for about four hours, about one-sixth of each circum- 
ference was completed during that time. The efiect 
thus produced was that of a number of circular ^rcs of 
varying sizes, and of different degrees of brightness. A 
representation of this photograph is given in Fig. 8. 

Most conspicuous was the trail produced by the actual 
Pole Star itself. It is well known, of course, that though 
the situation of the Pole is conveniently marked by the 
fortunate circumstance that a bright star happened during 
the present century to lij in its immediate vicinity, yet, 
of course, this star is not actually at the Pole, and conse- 
quently, like all the other stars, Polaris itself must be re- 
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vuLving in ft circle whereof the centre lies at the true F0I& 
The brighter the star the brighter is the trail which it 
produces, ao that the circle made by Polaris is much more 
coDspicuons than the circles produced by the other stars 
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of inferior lustre. It is, however, to be noted that some 
of the faint stars lie much closer to the Pole that) Polaris 
itself. There ia, indeed, one very minnte object so close 
to the Pole that the circle in which its movements are 
performed seems very little more than a point when 
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represented on the screen on which the slide was pro- 
jected. 

The interesting circumstance was noted that there 
appeared to be occasional interruptions to the continuity 
of the circular arcs. This was due to the fact that 
clouds had interposed during the intervals represented 
by the interruptions. A practical application is thus 
suggested, which has been made to render useful service 
at Harvard College Observatory. Every night, and all 
night long, a plate is there exposed to this particular 
part of the sky, and the degree in which the Pole Star 
leaves a more or less complete trail affords an indication 
of the clearness or cloudiness of the sky throughout the 
course of the night. From the positions of the parts 
where the trail has been interrupted it is possible not 
only to learn the amount of cloudiness that has pre* 
vailedy but the particular hours during which it has 
lasted. 

This interesting system of concentric polar circles 
affords us perhaps the most striking visual representa- 
tion that could possibly be obtained of the existence of 
that point in the heavens which we know as the Pole. 
The picture thus exhibited was a graphic illustration of 
the Oopemican doctrine that the diurnal stellar move- 
ment was indeed only apparent, being, of course, due to 
the rotation of the earth on its axis. 

Suppose that a photograph, like that which I have been 
describiog, were to be taken at intervals of a century, it 
would be found that the centre of the system of circles, 
that is to say, the veritable Pole itself, was gradually 
changing on the heavens. I do not by this mean that 
the stars themselves would be found to have shifted their 
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places relatively to each other. No doubt there is some 
effect of this kind, but it is an insignificant one, and need 
not at present concern us. The essential point to be 
noticed is, that the stars which happen to lie in the 
vicinity of the Pole would have a changed relation to the 
Pole in consequence of the fact that this latter point is 
itself in incessant movement. At the present time the 
Pole is advancing in such a direction that it is getting 
nearer to the Pole Star, so that the actual circle which 
the Pole Star is describing is becoming less and less. 
The time will come when the circle which this star per- 
forms will have reached its lowest dimensions, but the 
Pole will still be moving on its way, and theu, of course, 
the dimensions of the circle traversed by the Pole Star 
will undergo a corresponding increase. As hundreds of 
years, and thousands of years roll by the Pole will retreat 
further and further from the Pole Star, so that in the 
course of a period as far in the future as the foundation 
of Rome was far in the past, the Pole will be no longer 
sufficiently near the Pole Star to enable the latter to 
render to astronomers the peculiar services which it does 
at present. 

Looking still further ahead, we find that in the course 
of about twelve thousand years the Pole will have gained 
a position as remote as it possibly can from that position 
which it now occupies. This most critical point in the 
heavens will then lie not far from the star Yega, the 
brightest point in the northern sky, and then it will 
commence to return, so that after the lapse of about 
twenty- five thousand years the Pole will be found again 
in the same celestial neighbourhood in which it is to-night, 
having, in the meantime, traversed a mighty circle through 
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the constellations. In all this there is no novelty ; these 
movements of the Pole are so conspicuous that they were 
detected long before the introduction of accurate instru- 
ments. They were discovered so far back as the time of 
Hipparchus, and the exposition of their cause by Newton 
was one of the triumphs of his doctrine of universal 
gravitation. 

In giving the title of " The Wanderings of the 
North Pole " to this chapter I did not, however, intend 
to discuss the movements to which I have hitherto 
referred. They are so familiar that every astronomer has 
to attend to them practically in the reduction of almost 
every observation of the place of a celestial body. It 
was, however, necessary to make the reference which I 
have done to this subject in order that the argument on 
which we are presently to enter should be made sufficiently 
clear. It must be noted that the expression, " the North 
Pole," is ambiguous. It may mean either of two things, 
which are quite distinct. In the case we have already 
spoken of, I understand by the North Pole that point on 
the celestial sphere which is the centre of the system of 
concentric circles described by the circumpolar stars. The 
other sense in which the North Pole is used is the terres- 
trial one ; it denotes that point on this earth which has 
been the goal of so many expeditions, and to reach which 
has been the ambition of so many illustrious navigators. 

We have a general notion that the terrestrial North Pole 
lies in a desolate region of eternal ice, somewhat relieved 
by the circumstance that, for six months of the year, the 
frozen prospect is brightened by perpetual day, though 
on the other hand, during the remaining six months of 
the year this region is the abode of perpetual night. The 



S^ f^ tHk MlGti HEAVEN^. 

Nortli Pole is that hitherto unattainable point on oar globe 
on which, if an observer could take his station, he would 
find that the phenomena of the rising and the setting of 
the starsy so familiar elsewhere, was non-existent. Each 
star viewed from the coign of vantage offered by the North 
Pole would move round and round in a horizontal circle ; 
and the system of concentric circles would be directly 
overhead. In midsummer the sun would seem to revolve 
around, remaining practically at the same elevation above 
the horizon for a few days, until it slowly began to wend 
its way downwards in a spiral. In a couple of months it 
would draw near the horizon, and as day after day passed 
by the luminary would descend lower and lower until its 
edge grazed the horizon all round. The setting of the 
sun for the long winter would then be about to commence, 
and gradually less and less of the disc would remain per- 
ceptible. Finally the sun would disappear altogether, 
though for many days afterwards a twilight glow would 
travel round the whole hemisphere, ever getting less and 
less, until at last all indications of the sun had vanished. 

The utter darkness of winter would then ensue for 
months, mitigated only so far as celestial luminaries were 
concerned by starlight or occasional moonlight. Doubtless, 
however, the fitful gleams of the aurora would often suffice 
to render the surrounding desolation visible. Then as the 
spring drew near, if, indeed, such a word as spring be at all 
applicable to an abode of utter dreariness, a faint twilight 
would be just discernible. The illuminated portion of 
the sky would move round and round the horizon each 
twenty-four hours, gradually becoming more and more 
conspicuous, until at last the edge of the sun appeared. 
Then, by a spiral movement inverse to that with which 
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its descent was accomplished, the great luminary would 
steal above the horizon, there to continue for a period oi 
six months until the commencement of the ensuing winter. 
Indeed, the actual duration of apparent summer would be 
somewhat protracted in consequence of the effect of refrac- 
tion in raising the sun visually above the horizon when in 
reality it was still below. The result would be to lengthen 
the summer at one end and to anticipate it at the other. 
Such would be the astronomical conditionB at the North 
Pole ; that anomalous point, from which every other 
locality on the globe lies due south, that mysterious 
point which up to the present never seems to have been 
approached by man within a distance less than 400 miles, 
unless, indeed, as is not improbably the case, the Pre- 
glacial Man who lived in the last genial period found a 
temperate climate and enjoyable conditions even at the 
latitude of 90**. 

For our present purpose it will be necessary to get a 
very clear idea as to the precise point on the earth which 
we mean when we speak of the North Pole. As our know- 
ledge of it is almost entirely derived from astronomical 
phenomena it is necessary to assign the exact locality of 
the Pole by a strict definition depending on astronomical 
facts. Supposing that Nansen does succeed in his expe- 
dition, as every one hopes that he will, and does penetrate 
within that circle of 400 miles' radius where the foot of 
civilized man has never yet trod, how is he to identify 
that particular spot on this globe which is to be defined 
as the North Pole P It was for this purpose that at the 
commencement of this paper I referred to that photograph 
of the concentric circles which illustrated so forcibly the 
position of the Pole in the heavens. 
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Imagine that your eye was placed at the centre of 
the earth, and that you had a long slender tube from 
that centre to the surface through which you could look 
out at the celestial sphere ; if that tube be placed in 
such a way that, when looking from the centre of the 
earth through this tube your yision was directed exactly 
to that particular point of the heavens which is the 
centre of the circle now described by the Pole Star 
and the other circumpolar stars, then that spot in which 
the end of the tube passes out through the surface of the 
earth is the North Pole. Imagine a stake to . be driven 
into the earth at the place named, then the position of 
that stake is the critical spot on our globe which has 
been the object of so ipuch scientific investigation and of 
so much maritime enterprise. 

The reader must not think that I am attempting to 
be hyper-accurate in this definition of the North Pole ; 
no doubt, in our ordinary language we often think of 
the Pole as something synonymous with the polar re- 
gions, an ill-defined and vaguely known wilderness of ice. 
For scientific purposes it is, however, essential to under- 
stand that the Pole is a very definitely marked point, 
and we must assign its position accurately, not merely 
within miles, but even within feet. Indeed, it is a truly 
extraordinary circumstance that, considering that no one, 
with the possible exception just referred to, has ever yet 
been within so many hundreds of miles of the Pole, we 
should be able to locate it so precisely that we are abso- 
lutely certain of its position to within an area not larger 
than that covered by a good-sized church. 

We have seen that the North Pole in the sky is in 
incessant movement, and that the journeys which it 
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accomplishes in the course of many centaries extend over a 
wide sweep of the heavens; this naturally suggests the 
question, Does the Pole in the earth move about in the 
body of the earth in any similar manner, and if so, 
what is the nature and extent of its variation P Here 
is the point about which those researches have been made 
which it it> my object to discuss. Let us first see clearly 
the issue that is raised. At the time of the building of 
the Pyramids the Pole in the heavens was in quite a 
different place from its present position; the present 
Pole Star had not at that time the slightest title to be so 
called ; in fact, the point around which the heavens revolved 
lay in a wholly different constellation. It was cei*tainly 
not far from the star Alpha Draconis about 3000 b.c., and 
we could indicate its position quite definitely if we had 
any exact knowledge as to the date of the erection of the 
Pyramids. It is, however, plain that the difference was 
so patent between the celestial Pole at the time of the 
Pyramids and the celestial Pole of later centuries, that it 
could not be overlooked in attentive observation of the 
heavens. As the North Pole in the sky was, therefore, 
so different in the time of the Pharaohs from the I^orth 
Pole in the time of Victoria, it is proper to ask whether 
there was a like difference, or any difference at all, between 
the terrestrial Pole at the time of the building of the 
Pyramids and that terrestrial Pole, in quest of which Nan- 
sen has just set off. If Pharaoh had despatched a successful 
expedition to the North Pole and driven a post in there 
to mark it, and if Nansen were now successful, would he 
find that the North Pole in the earth which he was to mark 
occupied the same position or a different position from that 
which had been discovered thousands of years previously P 
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Fig. 9.— The Moyement of the Celestial Pole. 



At firttt one might hastily say that there must be 
such a difFerence, for it will he rememhered that I 
have defined the North Pole in the earth as that point 
through which the tube passes which would permit an 
eye placed at the centre of the earth to view the North 
Pole in the sky. If, therefore, the North Pole in the sky- 
had undergone a great change in its position, it might 
seem obvious that the tube from the earth's centre to itf» 
Burfaca which would now conduct the vision from that 
centne to the north celestial Pole would emerge at a 
diffiji^^^t noiut of the earth's cruat from that whioh it 
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formerly occupied. We have here to deal with the case 
that arises not unfrequently in astronomy, in which a fact 
of broad general truth requires a minute degree of quali- 
fication ; indeed, it is not too much to say that it is in 
this qualification of broad general truths that many of the 
greatest discoveries in physical science have consisted. 
And such is the case in the present instance. There in u 
broad general truth and there is the qualification of it. 
It is the qualification that constitutes the essential dis- 
covery which it is my object here to set forth. 

Before doing so it will be necessary for me to lay down 
the broad general truth that the Korth Pole of the earth 
as it existed in the time of the Pharaohs appears to be 
practically the same as the North Pole of the earth now. 
It seems perfectly certain that at any time within the last 
10,000 years the North Pole might have been found within 
a region on the earth's surface not larger than Hyde 
Park. Indeed, the limits might be drawn much more 
closely. It is quite possible that many an edifice in 
London occupies an area sufficiently great to cover the 
holes that would be made by all the posts that might be 
driven to mark the precise sites of the North Pole on the 
earth not only for the last 5,000 or 10,000 years, but 
probably for much longer periods. It is very likely that 
the North Pole at the time of the Glacial Epoch was 
practically indistinguishable from the North Pole now ; 
in fact, the constancy, or I should, perhaps, rather say^ 
the sensible constancy of the situation of this most critical 
point in our globe is one of the most astonishing facte in 
terrestrial physics. 

Let us, then, assume this broad general fact of the 
permanency iu the position of the North Pole* and deduce 
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the obYious consequence it implies with regard to the 
earth's movement. At this point we find the convenience 
of the time-honoured illustration in our geography books 
which likens the earth to an orange. Let us thrust a 
knitting-needle through the orange along its shortest 
diameter to represent the axis about which the earth 
rotates. Not only does the earth perform one revolution 
about this axis in the space of each sidereal day, but the 
axis itself has a movement. If the earth's axis always 
remained fixed, or never had any motion except in a 
direction parallel to itself, then the point on the sky to 
which it was directed would never change. We have, 
however, seen that the Pole in the sky is incessantly 
altering its position ; we are therefore taught that the 
direction of the earth's axis of rotation is constantly 
changing. To simulate the movement by the orange and 
knitting-needle we must imagine the orange to rotate 
around its axis once in that period of twenty-three hours 
and fifty-six minutes which is well known as the length 
of the sidereal day ; while at the same time the knitting- 
needle itself, bearing, of course, the orange with it, 
performs a conical movement with such extreme slowness 
that not less than 25,000 years is occupied in making the 
circuit. The movement, as has often been pointed out, is 
like that of a peg-top which rotates rapidly on its axis 
while at the same time the axis itself has a slow revolving 
motion. Thus the phenomena which are presented in the 
rotation of the earth demonstrate that the axis about 
which the earth rotates occupies what is, at all events, 
approximately a fixed position in the earth, though not a 
6xed position in space. We can hardly be surprised at 
this result ; it merely implies that the earth acts like a 
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rigid body on the vhole, and does not permit the axis 
about which it is tumiog to change its position. 

It will now be easily understood how it cotnes to pass 
that the position of the North Pole upon the earth has not 
appreciably changed in the course of thousands of yeurs. 
The axis around which the earth rotates has retained a 
permanent position relative to the earth itself ; but with 
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regard to its direction in space it has continaonsly 
changed, it is at this moment changing, and will continue 
to change. So far our knowledge extended up to within 
the last few years, but quite recently a closer inquiry 
has been 'made into this, as into so many other physical 
subjects, and the result has been to disclose the impor- 
tant fact that, though the phenomena as just described 
are very nearly true, they must receive a certain minute 
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qualification. Complete examination of this subject is 
desirable, not only on account of its natural importance, 
but also because it illustrates the refinements of which 
modern astronomical processes are susceptible. 

I have stated that the position of the terrestrial Pole 
undergoes no large or considerable fluctuation. But while 
we admit that no large fluctuation is possible, it is proper 
to consider whether there may not be a small fluctuation. 
It is certain that the position of the Pole as it would be 
marked by a post driven into the earth to-day cannot differ 
by a mile from the position in which the same point would 

be marked last year or next year. But does it differ at all P 

* 
Is it absolutely exactly the same P Would there be a differ- 
ence not indeed of miles but of yards or of feet between 
the precise position of the Pole on the earth determined at 
successive intervals of time P Would it be the same if we 
carried out our comparisons not merely between one year 
and another, but day after day, week after week, month 
after month P No doubt the more obvious phenomena 
proclaim in the most unmistakable manner that the 
position of the Pole is substantially invariable. If, there- 
fore, there be any fluctuations in its position, these can 
only be disclosed by careful scrutiny of minute pheno- 
mena which are too delicate to be detected by the coarser 
methods of observation. There is indeed a certain pre- 
sumption in favour of the notion that absolute constancy 
in the position of the Pole need not be expected. Almost 
every statement of astronomical doctrine requires its 
qualification, and it would seem indeed unliKely that 
when sufficient refinement was introduced into the measure- 
ments the position of the Pole in the earth should appear 
to be absolutely unalterable. 
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Until a yery recent period the evidence on the subject 
was almost altogether negative ; it was no doubt recog- 
nised that there might be some fluctuations in the 
position of the Pole, but it was known that they could 
only be extremely small, and it was believed that in all 
probability those fluctuations must be comprised within 
those slender limits which are too much affected by in- 
evitable errors of observation to afford any reliable result. 
Perseverance in this interesting inquiry has at last been 
rewarded, and as in so many similar cases we are indebted 
to the labours of many independent workers for the recent 
extension of our knowledge. We are, however, at present 
most interested by the labours of Mr. Chandler, a distin- 
guished American astronomer, who has made an exhaustive 
examination into the subject. The result has been to 
prove that the Pole does undergo movement in the body 
of the earth. Mr. Ohandler has been so successful as 
to have determined the law of those polar movements, 
and he has found that when they are taken into considera- 
tion an important improvement in certain delicate astro- 
nomical inquiries is the result. These valuable investi- 
gations merit, in the highest degree, the attention, not 
only of those who are specially devoted to astronomical 
and mathematical researches, but of that large and 
ever-increasing class who are anxious for general know- 
ledge with regard to the physical phenomena of our 
globe. 

At first sight it might seem difficult indeed to conduct 
the investigation of this question. Here is a point on the 
earth's surface^ this wonderful North Pole, which, so far 
as we certainly know, has never yet been approached 
within 400 miles, and yet we are so solicitous about the 
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position of this Pole and aboat its movement that we 
demand a knowledge of its whereabouts with an accuracy 
which at first appears Wholly unattainable. It sounds 
almost incredible when we are told that a shift in the 
position of the North Pole to the extent of twenty yards, 
or even of twenty feet, is appreciable, notwithstanding 
that we have never been able to get nearer to it than from 
one end of £ngland to the other. Indeed, as a matter of 
fact, our knowledge of the movements of the Pole are 
derived from observations made not alone hundreds but 
even many thousands of miles distant. It is in such 
observatories as those at Greenwich or Berlin, Pulkova 
or Washington, that the determinations have been made 
by which changes in the position of the Pole can be 
ascertained with a delicacy and precision for which those 
'who were not aware of the refinement of modern astro- 
nomical methods would hardly be prepared. I do not, 
however, imply that the observations conducting to the 
discoveries now about to be considered have been ex- 
clusively obtained at the observatories I have named. 
There is a large number of similar institutions over the 
globe which have been made to bear their testimony. 
Tens of thousands of different observations have been 
brought together, and by discussing them it has been 
found possible to remove a large part of the errors by 
which such work is necessarily afiected, and to elicit from 
the vast mass those grains of truth which could not have 
been discovered had it not been for the enormous amount 
of material that was available. Mr. Chandler has dis- 
cussed these matters in a remarkable series of papers, and 
it will be necessary for me now to enter into some little 
detail, both as regards the kind of observations that have 
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been made, and the results to which astronomers have 
been thereby conducted. 

Greenwich Observatory lies more than 2,000 miles 
from the North Pole, and yet if the Pole were to shift by 
as much as the width of Begent Street, the fact that it 
had done so would be quite perceptible at Greenwich. 
Let me endeavour to explain how such a measurement 
could be achieved. In finding the latitude at any locality 
we desire, of course, to know the distance between the 
locality and the Equator, expressed in angular magnitude. 
But though this is distinctly the definition of latitude, it 
does not at once convey the idea as to how this element 
can •be ascertained. How, for instance, would an astro- 
nomer at Greenwich be able to learn the angular distance 
of the observatory from the Equator P The Equator is 
not marked on the sky, and it is obvious that the observer 
must employ a somewhat indirect process to ascertain 
what he wants. Here, again, we have to invoke the aid 
of that celestial Pole to which I have so often referred. 

Think of that point on the sky which is the common 
centre of the circles exhibited on Professor Barnard's 
photograph. That point is not indeed marked by any 
special star, but it is completely defined by the circum- 
stance that it is the centre of the track performed by the 
circumpolar stars. We thus obtain a clear idea of this 
definite point in the sky, and the horizon is a perfectly 
definite circle, at all events from any station where the sea 
is visible. It is not difficult to imagine that by suitable 
measurements we can ascertain the altitude of this point 
in the heavens above the horizon. That altitude is the 
latitude of the place ; it is, in fact, the very angle which 
1)66 between the locality on the earth and the Equatort 
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It is quite true that as the Pole is implied by these circles 
rather than directly marked by them, the measurement of 
the altitude cannot be effected quite directly. The actual 
process is to take the Polar Star, or some one of the other 
circumpolar stars, and to measure the greatest height to 
which it ascends aboye the horizon and the lowest altitude 
to which it declines about twelve hours later. The former 
of these is as much above the Pole as the latter is below 
it, so between them we are able to ascertain the altitude 
of the Pole with a high degree of accuracy. 

It is true that in a fixed observatory such as Greenwich 
there is no visible sea horizon, and even if there were it 
would not provide so excellent a method as is offered by the 
equivalent process of first observing the star directly and 
then observing its reflection in a dish of mercury. In 
this way the altitude of the star above the horizon is deter- 
mined with the utmost precision. The practical astro- 
nomer willy however; remember that, of course, he has to 
attend to the effects of atmospheric refraction, which 
invariably shows a star higher up than it ought to be. 
This can be allowed for, and in this way the latitude of 
the observatory is ascertained with all needful accuracy. 
Wlien the highest degree of precision is sought for, and it 
is only observations with a very high degree of precision 
which are available for our present purpose, a considerable 
number of stars have to be employed, and very many 
observations have to be taken at different seasons of the 
year, so as to eliminate as far as possible all sources of 
casual error. When, however, due attention has been 
paid to those precautions which the experience of astro- 
nomers suggests, the result that is obtained is characterized 
by extraordinary precision. 
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How great that precision may be I must endeavour 
to explain. The latitude of every important observa- 
tory is obtained from a large number ,of observations, 
and it would be unlikely that it was more than one or 
two-tenths of a second diiferent from the actual mean 
value. Now a tenth of a second on the surface of the 
earth corresponds to a distance of about ten feet, and 
this means that the latitude of the observatory or, as 
we must now speak very precisely, the latitude of the 
centre of the meridian circle in the observatory, is known 
to a degree of precision represented by a few paces. It 
will thus be seen that, with the accuracy attainable in 
our modem observation, it would often be an appreciable 
blunder to mistake the latitude of one wall of the 
observatory for that of the opposite wall ; in other words, 
we know accurately to within the tenth of a second, or 
within not much more than the tenth of a second, the 
distance from the centre of the transit circle at Greenwich 
down to the earth's Equator. But, of course, the distance 
from the Pole to the Equator is 90^, and this being so it 
follows that the distance from the I^orth Pole of the 
earth to the centre of the transit circle at Greenwich 
Observatory has been accurately ascertained within one 
or two tenths of a second. If any change took place in 
the distance between the Pole and the meridian circle at 
Greenwich, then it must be manifested by the changes of 
latitude. We shall now be able to understand how any 
movement of the Pole, or rather of the position which it 
occupies in the earth, would be indicated at Greenwich. 

Suppose, for instance, that the Pole actually advanced 
towards Great Britain, and that it moved a distance of, 
let us say, thirty feet, the effect of this would be to 
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produce ft dimintition of the distance between the Pole 
and Greenwich, that is to say^ there must be an increase 
in the distance from Greenwich to the Equator. This 
corresponds to a change in the latitude of Greenwich ; 
in fact it would diminish by three-tenths of a second^ 
which is a magnitude quite large enough to be recog- 
nisable by the observations I have already indicated 
as proper for the determination of latitude. A shift of 
the Pole to a distance of sixty feet would be a conspicuous 
alteration announced in every observatory in Europe 
provided with instruments of good modern construction. 

Until the last few years there was not much reason to 
think that the Pole exhibited any unequivocal indications 
of movement. No doubt, displacements resembling those 
which have now been definitely ascertained have existed 
for many years, but they were too small to produce any 
appreciable effect, except on instruments of a more 
refined description than those with which the earlier 
observatories were equipped. It was obvious that the 
Pole did not make movements of anything like a hundred 
yards in extent ; had it done so the resulting variations 
in latitude would have been oonspiouous enough to have 
obtained notice many years ago. The actual movements 
which the Pole does make are of that small character 
which require very mioute discussion of the observations 
to establish them beyond reach of caviL There is, how- 
eTer> one striking method of confirming such observationa 
as have been made which leaves no doubt of the accuracy 
of the results to which they point. 

If the observatoriea in Europe indicated at a certain 
time that their latitudes had all increased; this would 
VBu:^^ that the £(^uator had receded trom them, and 
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that, therefore, the North Pole had approached Europe 
If, however, the North Pole had approached Europe 
it must have retreated from those regions on the 
opposite side of the world — say, for instance, the Sand- 
wich Islands. Observations in the Sandwich Islands 
should, therefore, indicate, if our reasoning has been 
correct, that the Pole had retreated from them, and that 
the Equator had, therefore, advanced in such a way that 
the latitudes of localities in the Sandwich Islands had 
diminished. The various observations which have been 
brought together by the diligence of Mr. Chandler, in- 
cluding those which he has himself made with an in- 
genious apparatus of his own design, have been submitted 
to this test, and they have borne it well. The result has 
been that it is now possible to follow the movements of 
the Pole with a considerable degree of completeness. 
Professor Chandler has tracked the Pole month after 
month, year after year, through a period of more than a 
century of exact observations, and he has succeeded in 
determining the movements which this point undergoes. 
Let me here endeavour to describe the result at which he 
has arrived. 

Situated in that palaeocrystio region which Arctic 
travellers have so long essayed to enter, but hitherto 
without success, is that interesting North Pole which is 
the object of so much speculation. With a particular centre 
in this region let a circle be supposed to be drawn the 
radius of which is about thirty feet. In the circumfer- 
ence of this circle the Pole of the earth is constantly to 
be found. In fact, if at different epochs, month after 
month and year after year, the position of the Pole 
wa3 iscertained as the extremity of that tube frofp 
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which an eye placed at the centre of the earth would 
be able to see the Pole of the heavens, and if the suc- 
cessive positions of this Pole were marked by pegs driven 
into the ground, then the several positions in which the 
Pole would be found must necessarily trace out the 
circumference of the circle that has been thus described. 
The period in which each revolution of the Pole around 
the circle takes place is about 427 days ; the result, 
therefore, of these investigations is to show that the 
North Pole of the earth is not, as has been so long sup- 
posed, a fixed point, but that it revolves around in the 
earth, accomplishing each revolution in about two months 
more than the period that the earth requires for the 
performance of each revolution around the sun. 

The detection of the movement of the Pole which I 
have here described must be regarded as a noteworthy 
achievement in astronomy, nor is the result to which it 
leads solely of interest in consequence of the lesson it 
teaches with regard to the circumstances of the earth's 
rotation. It has a higher utility, which the practical 
astronomer will not be slow to appreciate, and of which 
he has, indeed, already experienced the benefit. There 
are several astronomical investigations in which the 
latitude of the observatory enters as a significant element. 
Latitude is, in fact, at every moment employed as an 
important factor in many astronomical determinations : to 
take one of the most simple cases, suppose that we are 
finding the place of a planet, we deduce its position by 
measuring its zenith distance, and then to obtain the de- 
clination the latitude of the observatory has, of course, to 
be considered. Now, astronomers have hitherto been in 
the habit of accepting the determination of their latitude 
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which has been established by a protracted series of 
observationSy and treating it as if it were a constant. This 
method will be no longer admissible in astronomical work 
of the highest class. No doubt, from the sailor's point 
of Tiew, an alteration in latitude which at most amounts 
to a shift of sixty feet, not a quarter, perhaps, of the 
length of his vessel, is immaterial. But in the more 
refined parts of astronomical work these discoveries can no 
longer be overlooked ; indeed, Mr. Chandler has shown 
that many discrepancies by which astronomers have been 
baffled, can be removed when note is taken of the circum- 
stance that the latitude of the observatory is in incessant 
alteration in accordance with the law which his labours 
have expounded. It will ere long be necessary, in every 
observatory where important work is being done, to apply 
each day the correction to the mean value of the latitude, 
in order to obtain the value appropriate for that day. 

There are also other grounds of a somewhat profounder 
character on which the discoveries now made are eminently 
instructive. Those who are interested in the physics of 
our globe often discuss the question as to whether the 
internal heat, which the earth certainly possesses, is 
sufficiently intense to render the deep-seated portions of 
our globe more or less fluid. On the other hand, the 
effects of pressure, especially of such pressures as are 
experienced in the depths hundreds and thousands of 
miles below the surface, must go far to consolidate the 
materials to form what must resemble a rigid body. 
The question, therefore, arises. Is the earth to be regarded 
as a rigid mass, or is it not ? The phenomena of the tides 
had already to some extent afforded information on this 
subject, and now Mr. Chandler's investig^ation adds much 
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further light, for it is certain from his result that the 
earth cannot be a rigid body. It is quite true that, even 
though the earth were rigid, the Pole might revolve in 
a circle, and that circle might have a thirty-feet radius, 
but in such a case the period would be only about three- 
quarters of the 427 days which he has found. In the 
interest, therefore, of the theoretical astronomer, as well 
as on the other grounds which I have set forth, Mr. 
Chandler's investigations must be regarded as a most 
important contribution to modern astronomy. 



CHAPTER IV. 

THE GREAT ECLIPSE OF 1S93. 

HE total eclipse of the sun 
vhioli took place on April 
Idth— 16tfa, 1893, is in some 
reBpects the most remarkable 
event of the kind in the pre- 
sent century ; certainly no 
other like phenomenon oc- 
curring nithin the next decade will equal it in the pre- 
sentation of exceptionally favourable conditions. 

It is obvious that there are two criteria by which we 
may judge of the suitability of an eclipse of the sun for 
the purposes of the astronomer ; the first relates to the 
astronomical conditions, and the second to those of a 
merely geographical character. Of course it must be 
understood that any eclipse wbich would disclose informa- 
tion sufficient to justify despatching an expedition for 
thousands of miles must be total. There is but little to 
be learned from any observations at a place from which 
the diso of the sun appears only partly obscured by the 
interposition of the moon. Such an opportunity may, 
indeed, enable accurate determinations of the relative posi- 
tions of the sun anil the moon to be obtained, and these 
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are often of service in our efforts to improve the tables by 
which the movements of the moon are calculated. But 
this object is of very slight importance compared with 
those which chiefly occupy our attention during a total 
eclipse. The primary question in determining the astro- 
nomical value of a total eclipse relates to the duration of 
the phase in which the obscurity is total. 

Tested by this standard, the phenomenon which we 
are now to consider is one of exceptional value. The 
phase of " totality '' lasted for 4 minutes 40 seconds on 
the east coast of Brazil. This may seem, indeed, but a 
short time in which to commence and complete an elabo- 
rate series of observations and measurements; but by 
skilful organization of the work it is now possible for a 
corps of experienced observers to effect, even in this very 
limited time, an amount of careful work that would greatly 
surprise anyone who was not acquainted with the resources 
of modem scientific methods. Indeed, on former occasions 
many successful eclipse observations have been made when 
the period of totality has been much less than that just 
stated. Even in the event which we are now considering, 
other stations at which the duration of totality was 
much below the maximum have been occupied with 
much advantage. Thus in Chili totality lasted for 
2 minutes 56 seconds. It was 9 seconds longer in Argen- 
tina. It reached the maximum for available terrestrial 
statistics on the east coast of Brazil ; but the actual 
maximum duration of 4 minutes 48 seconds would be 
observed from a point some hundreds of miles off in the 
Atlantic. On the west coast of Africa, at Senegal, the 
duration was 4 minutes 10 seconds. 

To realise the conditions under which an eclipse is 
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produced we must remark that, wherever the moon may 
happen to be, it bears at all times a long conical shadow 
projected behind it<, sometimes into space, sometimes 
towards our globe. The cone tapers to a point at a 
distance which varies somewhat, but is about a quarter of 
a million miles from the moon. For the production of a 
total eclipse of the sun it is necessary that the eye which 
observes should be somewhere within the cone of shadow. 
Even when the moon does come in between the earth and 
the sun it will sometimes happen that the shadow-cone is 
too short to touch the earth, in which case an annular 
eclipse will result. Sometimes, however, owing to the 
varying distances of the sun and the moon from the earth 
this cone does extend far enough to reach the earth, and 
then observers who happen to occupy any spot in the 
shadow will have a total eclipse presented to them. 

About 1 P.M., Greenwich time, on Sunday, 16th April, 
the sun was rising in the Pacific Ocean in a state of 
total eclipse, the moon casting a deep black shadow on 
the shining waters around. There does not happen to be 
any island lying near enough to the critical position for 
its inhabitants to have witnessed this interesting phase of 
the spectacle : Juan Fernandez was too far to the south 
and St. Ambrose too far to the north. The region of 
complete obscuration was at first oval in form, and the 
shortest diameter extended some ninety miles north and 
south. The black patch then commenced its great east- 
ward journey, and presently reached land on the coast of 
South America. The local time was then about half-past 
seven in the rooming at the point of arrival on the coast 
of Chili, in 30° south latitude. Professor Pickering was 
among the first of an ardent corps of astronomers ready 
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to greet the total eclipse and to utilise to the utmost the 
advantages of an early station. Then the shadow began 
its journey across the South American Continent. 

With a speed of something like 3,000 miles an hour, 
far swifter than any rifle bullet ever moved, the silent 
obscurity sweeps across wide deserts in the interior, and 
then over the noble rivers and glorious forests of Brazil, 
to quit the land after barely an hour has been occupied 
in the transit. Along its track it has been watched in 
two or three places by interested observers armed with 
spectroscopes, photographic cameras, and the other para- 
phernalia of the modern astronomer. Doubtless the 
sudden gloom caused no little dismay to many a tribe of 
savages in the deep interior of tropical America. We 
may also conjecture that other creatures besides man 
had their share of astonishment. Darwin and Bates 
have charmed all readers by their exquisite delineation of 
these virgin forests of Brazil, where organic nature is 
developed with a luxuriance which those whose rambles 
have been confined to sterner climes can hardly realise. 
Probably in Brazil, as elsewhere under similar conditions, 
tender plants evinced their belief that night had prema- 
turely arrived. Beautiful flowers no doubt closed their 
petals as they are wont to do after sunset. Other flowers, 
again, which open out at night to solicit the attention of 
moths, to whom the darkness is congenial, doubtless began 
to expand their charms. With the advancing gloom such 
plants as emit their delicious perfume only when the glory 
of the day has vanished were likewise deceived, as they 
have been known to be on other occasions of a like kind. 

We can also speculate on the amazement which the 
total eclipse must have produced among the various races 
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Fig. II. — Patli of die Uoou's Shadow and Penimibin apon the Buriace of 
the Earth during the total Edipas of the Snn, April 15th— 16th, 1S93. 

of animala. The great flocks of Brazilian macawa must 
hare wondered why the time for going to roost had indeed 
arrived again ao soon. The chattering monkeys and the 
e^olking jaguar would have been sorely puzzled ; while the 
marvellous nocturnal insect life which Mr. Bates has so 
forcibly described would have been deceived into temporary 
vitality. For some minutes, it may be reasonably assumed 
that the forest depths resounded with those myriad notes 
of crickets and grasshoppers which appear to be one of 
the most striking features of night in the tropics. 

Quitting the east coast of America, the lunar shadow 
took an Atlantic voyage. It crossed the ocean at perhaps 
its narrawest part, and may have buried in its gloom 
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many a yessel, whose crew gazed with astonishment at 
the unwonted spectacle. Here the conditions of good 
observationy so far as celestial requirements are concerned, 
would have been of the most desirable nature. The sun 
would have been overhead and the fervid glories of the 
equatorial noon would have been suspended for the space 
of nearly five minutes. Splendid indeed must have been 
the view of the corona obtained by those who were for- 
tunate enough to be in the right position on the ocean, 
with a clear sky overhead. But from the astronomer's 
point of view the observations which can be made on 
board ship are of but little importance ; the deck does not 
offer the stable foundations that are required for elaborate 
photographic or spectroscopic apparatus. 

For the space of an hour, therefore^ while this ocean 
passage was in progress, there were but few opportunities, 
if indeed, any, for valuable contributions of facts to illus- 
trate our theories of the corona. The speed with which 
the shadow traversed the sea happened to be not so great 
as that with which it crossed South America. The 
consequence was, that rather more than an hour was 
occupied by its journey from the American to the 
African coast. This ocean distance is only about half 
as long as the track pursued across the South American 
continent ; but owing to the curvature of the earth the 
incidence of the shadow makes it travel more quickly at 
the beginning or the end than in the intermediate stages, 
so that in consequence of the decline in speed about the 
middle of the eclipse, the time required by the ocean 
journey was about the same as that needed for the previous 
land journey. 

A few minutes i^ter half-past threci G^reeuwich time. 
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on Sunday, 16th, the shadow reached land again 
on the African coast near the River Gambia, about 
north latitude 15^. Here the eclipse was destined to 
receive a cordial welcome from the bands of astronomers 
who were ready to receive it. Sweeping onwards with a 
pace which had now begun again to accelerate, the shadow 
advanced into the interior of Africa, keeping below the 
parallel of 20^, and gradually curving southwards. At 
four o'clock on Sunday afternoon, the position from 
which totality was to be observed had gone to the east 
of the meridian of Gfreenwich. The end of the phe- 
nomenon was now rapidly approaching ; the last glimpse 
that could be had of it from this earth would have been 
from the desert of Sahara, where, just at the moment of 
sunset, the phase of totality was reached. At a quarter 
past four, Greenwich time, the eclipse ceased to be total 
anywhere, but an hour longer had yet to elapse before the 
partial eclipse had vanished from the globe. It will, of 
course, be understood that at any particular locality the 
total eclipse only lasted for the time that the shadow 
occupied in passing over that locality. Thus the duration 
at any particular station was only about as many minutes 
as the hours during which the total eclipse required for 
its terrestrial journey. 

It is plain that the best sites, so far as astronomical 
conditions are concerned, must be those where the dura- 
tion of totality is as long as circumstances permit. To 
secure this, on the occasion now before us we had to 
occupy sites which lay as nearly as possible along the 
middle of a strip eighty miles wide, extending from the 
South Pacific to the middle of the Sahara. It fortunately 
happens that on this occasion those localities where th^ 
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astronomical conditions were favourable also turned out 
to be tbose wbere the geographical conditions were suitable 
and comparatively convenient. At Chili, in Argentina, 
in Brazil, and on the African coast, astronomers were 
able to obtain a series of admirable pictures, not often 
paralleled in eclipse observations. One special advantage 
offered by this chain of observing stations should be 
particularly noticed. It is a question of considerable 
importance to examine the nature of the changes which 
take place in the corona. It has sometimes been thought 
that such changes frequently occur with extreme rapidity. 
No doubt, when we remember the scale of the objects 
involved, it will hardly be imagined that in the brief 
interval of four or five minutes, during which the eclipse 
lasted, any variation in the corona should have taken 
place considerable enough to be recognised from the 
distance at which we are placed. We thus have the 
opportunity of carefully examining whatever changes may 
have taken place in the corona in the interval between 
the time of totality in Chili and the time of totality in 
Africa. As we have pointed out, this period is no les8 
than two and a half hours. In this respect, the advantage 
offered by the eclipse of 1893 is almost unique, for though 
on other occasions observations of totality may have been 
possible for a number of seconds greater than those at 
either of the stations we have named, yet the circumstance 
of having in the same eclipse two occupied stations so 
widely separated as the western coast of North Africa and 
the western coast of South America is quite an exceptional 
advantage. 

And now as to the problems which astronomers have 
proposed to themselves to solve when undertaking the 
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observations of this as indeed of certain other recent 
eclipses of the sun. 

The history of modem astronomy makes it plain that 
a remarkable change has taken place in the nature of the 
questions which specially demand attention during such 
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Elg. 12. — Total and Amralar Eclipses. 

phenomena. Twenty-four years ago a total eclipse was 
regarded as of special value, as it afforded the oppor- 
tunity of investigating those remarkable prominences 
or coloured flames round the sun's margin which 
were then considered to be not otherwise visible than 
by the occurrence of a total eclipse. Attention was 
no doubt also directed in the earlier eclipses to the 
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silvery corona which stretched from the sun to sncli 
a vast distance into the surrounding space. The corona, 
though a permanent appendage of the sun, was only to be 
recognised when by the direct interposition of the moon the 
light of the sun was cut off, and in the gloom thus arising 
the radiance of the corona became readily and even brightly 
discernible. But the memorable discovery made by 
Janssen and Lockyer, independently, in 1868, showed that 
the prominences could be observed without the help of an 
eclipse, by the happy employment of the peculiar refran- 
gibility of the rosy light which these prominences emit. 
This improvement in observational astronomy revolu- 
tionised the method of utilising eclipses. We are now so 
well acquainted with the forms of the prominences by the 
spectroscopic method that the eclipses have but little to 
teach us on that matter. 

Of course it will be admitted that there are many cir- 
cumstances with regard to these objects as to which we 
at present know but very little ; however, we do not look 
in any considerable degree to eclipses for their solution. 
Quite recently a further extension has been given to the 
spectroscopic method of studying solar prominences by 
the beautiful invention of Professor Hale of Chicago. 
He has employed a very elaborate apparatus by which he 
is able, as it were, to sift out from the sunlight the beams 
of that particular refrangibility which astronomers would 
denote by saying that it belonged to the H line of the 
spectrum. With the light thus chosen Professor Hale 
obtains a photograph. It so happens that in the light of 
this particular hue — an invisible hue, it may be added, 
only perceptible to the peculiar sensibility of the photo- 
graphic plate — the prominences are peculiarly rich. It 
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follows that when all other light is withdrawn, as Pro- 
fessor Hale's method enables him to withdraw it, the 
ordinary solar light remaining has become so much weak- 
ened that it can no longer overpower the beams from the 
prominences, and hence an image is printed on the photo- 
graphic plate. Thus we can now obtain, not as hereto- 
fore merely isolated views of special prominences through 
the widely opened slit of the spectroscope, but we are 
furnished, after a couple of minutes' exposure, with a com- 
plete photograph of the prominences surrounding the sun. 
In Professor Hale's remarkable pictures, not only is every 
large prominence exhibited with ample detail, but the 
incandescent region of the chromosphere from which 
these prominences arise is also recorded with accuracy. 

It may therefore be said that with this admirable pro- 
cess available the eclipse is no longer of much account for 
the purpose of instructing us as to the prominences. No 
doubt a pleasing picture of these objects may be afforded. 
Professor Pickering, indeed, describes them as of much 
interest on the recent occasion ; but the attention of the 
eclipse observer in the present day is almost wholly 
otherwise directed. 

For the corona is still only known to us by such oppor- 
tunities as eclipses present. No doubt attempts have been 
made by photographic methods of various kinds to enable 
the corona to be brought within our scrutiny under 
ordinary circumstances. Up to the present, however, 
success cannot be said to have rewarded these efforts. 
The sunlight is so intense that if it be reduced sufficiently 
by any artifice, the coronal light also suffers so much 
abatement that, owing to its initial feebleness, it ceases 
altogether to be visible. We are therefore wholly depen- 
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dent on eclipses for accessions to our knowledge of the 
corona, so it will not be a matter of surprise that on the 
recent occasion the attention of the different parties was 
almost entirely concentrated on the minute scrutiny of the 
corona by every device which was likely to explain its 
nature. 

The astronomers of Great Britain had as usual taken 
a leading part in organizing plans for the purpose of ob- 
serving this eclipse. A joint committee of the Boyal 
Society, and of the Royal Astronomical Society, had 
general charge of the arrangements. The sinews of war 
were chiefly provided from that liberal grant of £4,000 
a year which the State places at the disposal of the Boyal 
Society for furthering the interests of science in such 
ways as may seem most advantageous. 

Assistance of other kinds was also forthcoming. In 
many cases the owners of valuable instruments placed 
them at the disposal of the observers. The Admiralty 
provided such facilities of transport as were needed to 
attain out-of-the-way places. The comity of nations was 
also illustrated by the readiness with which the authori- 
ties of the French and Brazilian Governments respectively 
complied with the requests made to them. They afforded 
accommodation and extended courtesies to the parties on 
the coast of Brazil and in the French territory on the 
African coast to which the two British expeditions were 
despatched. 

A careful study of the meteorological conditions of the 
different localities was a necessary preliminary to the 
choice of stations. For it need hardly be said that, how- 
ever suitable a station may have appeared to be from the 
astronomical facts of long duration and of high altitude 



TUM GkEAt ECLIPSE OP 1893. 89 

of sun, yet if the locality in question were one likely to 
be obscured by clouds it would be somewhat improvident 
to despatch an expedition to a place where the chances of 
success would be so greatly jeopardised. 

Perhaps the most elaborate study of the meteorological 
conditions bearing on the question was contained in a 
paper contributed by Prof. David P. Todd to the Meteoro- 
logical Journal. In this he has brought together a mass 
of information collected from divers authentic sources. 
The inhabitants of Chili were able to report that the ob- 
servations of any celestial phenomena which take place 
in April are almost certain to be made in a cloudless 
sky. Indeed it appears that in the mountainous regions 
of that favoured climate the atmospheric conditions are 
almost ideally perfect for the purposes of the astronomer. 
The course of the shadow then lay through Argentina, 
where the residents assure us that April is the best month 
of the year for clear atmospheres and light skies, and that it 
could only be through some exceptional misfortune that the 
observers would meet with disappointment. In Paraguay, 
which the shadow next traversed, it seems that meteoro- 
logical zeal has not yet been kindled. No accurate infor- 
mation as to the clouds or weather to be expected in April 
was forthcoming in response to Mr. Todd's urgent in- 
quiries. In despair of being able to offer climatic induce- 
ments to the expedition he expressed a hope that any 
eclipse party despatched thither might include zealous 
naturalists. The attractions offered by pumas, jaguars, 
cobras and cross vipers in abundance might in that case 
suffice to " offset the possible loss of the corona to the 
astronomer/' But it may well be doubted whether the 
enthusiasm of the astronomer, who studies with much 
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interest Serpens and Draco in the skies, would be snfB- 
cient to induce him to journey all the way to Para- 
guay in expectation of becoming acquainted with their 
terrestrial representatives, possibly on closer terms than 
he could desire. 

In Brazil, where the astronomical conditions are of the 
best, the risk of clouds was considerable. It seems that 
about half of the days in April on the coast at Para Oura 
are likely to be obscured. Fortunately, however, the 
observers were favoured with good weather. Pains had 
also been taken to determine the chances of cloudiness at 
this season along the Atlantic track followed by the 
shadow. They showed that the probability of a clear sky 
at mid-day in April at any point along the track followed 
by the eclipse from Geara, where the central line leaves 
the coast in Brazil, to Ghimbia, on the other side of the 
Atlantic, is about one half. 

It was not possible to obtain any very definite infor- 
mation as to the extent of April cloudiness in the interior 
parts of Africa which were passed over by the lunar 
shadow ere it finally quitted the earth. It seems, how- 
ever, impossible to doubt that an expedition might have 
been despatched to some locality in the far interior of 
Senegal or the Sahara, where the atmospheric conditions 
would have been excellent. A continuous chain of obser- 
vations of the corona would then have been available from 
the time the sun was rising on the coast of South America 
to the time of sunset in Sahara. The great advantage of 
such an expedition would have been that it would have 
afibrded an opportunity for testing in the completest 
manner whether the corona submitted to these rapid 
changes in the few hours to which we have already 
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Preferred. The eclipse now under consideration was 
admirably suited for this investigation, for the terrestrial 
conditions were such as to enable the observations to 
be made both near the beginning and the end of the 
phenomenon. Further, as the son spots were at the time 
very abundant, it might be presumed that the sun was in 
a condition of exceptional activity, and consequently it 
seemed reasonable to suppose that, in sympathy with what 
was going on below, the corona would be in a disturbed 
state. Unfortunately, however, it was not found practi- 
cable to make use of the extreme end of the track of the 
shadow. 

The English Brazilian party, consisting of Messrs. 
Taylor and Shackleton, were stationed at Para Oura. The 
African party was organized on a somewhat larger scale. 
Professor Thorpe was placed in command of it, and he 
was accompanied by Lieutenant Hills, R.E., Sergeant 
Kearney, B.E., and Messrs. Fowler, Gray, and Forbes, 
from the Boyal College of Science. They were des- 
patched to Bathurst, thence to make their way to a station 
in French Senegambia only a few miles south of the 
central line of totality. 

As the pictures of the corona vary so much with the 
instrument employed, it is clearly desirable to have some 
means of discriminating between the actual changes which 
may have taken place in the structure of the corona 
itself between one eclipse and the next, and those diffe- 
rences in the representation of it which merely arise from 
instrumental causes. There is no means of attaining 
this end so simple and so secure as to provide that the 
same photographic apparatus shall be used on each occa- 
sion. For this reason the corona was photographed in 
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Africa on Sunday, the 16tli instant, with the same 4-inch 
lens of 60 inches focus which was used in Egypt in 1882, 
in the Caroline Islands in 1883, in G-ranada in 1886, and 
in the Salut Islands in 1889. We have thus a connected 
series of pictures of the corona, taken as far as possible 
under similar conditions, extending over a period of eleyen 
years. 

Particular interest will be attached to the department 
of work assigned to Mr. Fowler in Africa. He photo- 
graphed the spectrum of the corona, produced by placing 
a glass prism in front of an object-glass of six inches 
aperture. The peculiar advantage of this method of ob- 
serving is that for each source of light of special refran- 
gibility in the corona a distinct image of the corona will 
be impressed on the plate. If, for example, the coronal 
light was of that strictly monochromatic type of which the 
light of certain nebulae appears to be, then the coronal 
photograph as produced through the prism would repre- 
sent the details of the structure in a single definite picture. 
If, however, as seems much more likely, the corona 
diffused light of two or more refrangibilities, then 
separate pictures of it would be obtained in distinct 
positions on the plate, in correspondence with each of 
the constituent rays. The several pictures thus ob- 
tained would be indications of the different kinds of light 
of which the corona was composed. So far as these 
various simulacra can be discriminated and interpreted 
they will afford indications of the material constituents 
of the luminous substances from which they originate. 
It need not be expected that these several pictures will 
resemble each other. If the different parts of the corona 
contain different elements in their constitution, as is cer- 
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tainly most probable, then the several pictures will evi- 
dence this by their difference in outline. No doubt the 
different photographs may to some extent overlap, but 
though this will interfere with the pictorial effect, it will 
not prevent their interpretation in the sense that it is in- 
structive to the astronomer. 

One of the most remarkable features in the structure of 
the corona is the presence of streamers or luminous rays 
extending from the north and south poles of the sun. 
These rays are generally more or less curved, and it is 
doubtful whether the phenomena they exhibit are not in 
some way a consequence of the rotation of the sun. This 
consideration is connected with the question as to how 
far the corona itself shares in that rotation of the sun with 
which astronomers are familiar. I should perhaps rather 
have said — that rotation of the sun's photosphere, which, 
as the sun-spots prove, is accomplished once every twenty- 
five days. Even this shell of luminous matter does not 
revolve as a rigid mass would do. By some mysterious 
law the equatorial portions accomplish their revolution in 
a shorter period than is required by those zones of the 
photosphere which lie nearer the north and south poles of 
the luminary. As to how the parts of the sun which are 
interior to the photosphere may revolve, we are quite 
ignorant. Nor does there seem much likelihood of any 
discoveries being made which will clear up this matter. 
We have no means of knowing to what extent the corona 
shares in the rotation. It would seem certain that the 
lower parts which lie comparatively near the surface must 
be affected by the rapid rotation of the photosphere. 
But it \a very far from certain that this rotation can be 
shared in to any great extent by those parts of the corona 
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which lie at a distance from the sun's surface as great as 
the solar radius or diameter. 

The spectroscopic testimony forms of course an exclusive 
source of information as to the nature of the elementary 
bodies present in the corona. It must be admitted that 
our knowledge on this subject is rather of a negative 
character. The spectroscope has hitherto mainly afforded 
us indications of elements which seem to be undetermin- 
able by our knowledge of terrestrial chemistry. Pro- 
fessor Schuster, after a careful discussion of the evidence 
afforded by other eclipses, has come to the oonclusion that 
it is not at present possible to identify the lines specially 
characteristic of the coronal spectrum with those of any 
known terrestrial substances. Indeed, the corona presents 
a curious green line that seems to denote some invariable 
constituent in the sun's outer atmosphere ; but the element 
to which this green line owes its origin is wholly unknown. 
It has been conjectured that it is due to some body present 
in the sun which is unknown to terrestrial chemists. 
The elucidation of this question is from every point of view 
one of the most interesting problems in solar physios. 



CHAPTER V. 

THE FIFTH 8ATE[,L1TE OF JUPITFK. 

XCE the invention of the teleaoope 

Bome two hundred and eighty years 

ago the great planet Jupiter has never 

been the object of so much attention 

ae it was during the autumn of 1892. 

It will be remembered that among 

the £rst- fruits of the new instrument for looking 

at objects which were a long way ofE, was the great 

discovery of the system of which Jupiter was the ' 

centre. The four satellites lie just on the dividing line 

between objects which can be seen with the unaided eye, 

and objects which require optical assistance to make 

them visible. It seems to be certain that there have been 

individuals gifted with rare powers of vision who under 

exceptionally favourable circumstances have been able to 

discern one or other of the satellites of Jupiter without 

optical aid. Testimony has been adduced which seems to 

■how that long before the invention of Galileo's tube for 

studying the heavens, one or two of these satellites had 

been seen by the Chinese. But it would be futile to say 

that these glimpses of the moons of Jupiter really 

amounted to any anticipation of the great discovery of 

Qalileo. Such mere casual obaervationg never thdrQughly 
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demonstrated the existence of the little bodies, still less 
did they yield such a volume of accurate knowledge as 
would enable us to determine their movements, so as to 
say when they would again be likely to be visible. No 
astronomer ever seriously entertained the notion that there 
was such a system of attendants revolving arouncjL Jupiter 
until their existence had been demonstrated once and for 
all by the telescope of Galileo. 

There can be no doubt that the moons of Jupiter are in 
themselves quite bright enough to be ordinarily seen by 
the unaided eye were it not for a single circumstance. 
They lie too close to the great planet At first sight it 
might seem that the very fact that they are placed in 
the brilliant illumination which Jupiter radiates should 
rather tend to make them more easily discerned. The 
nearer an object is held to a source of light the better it 
can generally be seen. Does it not therefore appear some- 
what paradoxical to say that the reason we are generally 
unable to see the moons of Jupiter with the unaided 
eye, is because they lie so close to a lustrous globe P 
Ought not that to be the very reason why they should 
be seen with all the greater facility P This is a point 
which may require a few words of explanation because it 
is intimately connected with the recent great discovery. 

We hold a book near a candle when we want to read, 
because under the circumstances supposed the only light 
available comes from the candle. The type has no other 
illumination, and the nearer it is to the candle the clearer 
the printing appears. But this is not at all analogous to 
the case of Jupiter and his satellites. We cannot think 
of Jupiter as the candle, and a satellite as a page of the 
bppk. If such were indeed the analogy, then the nearer 
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the satellite lay to the body of the planet the more brightly 
would it be illuminated, and under certain circumstanceH 
the more easily would it be seen. The very opposite is, 
however, notoriously the case. It will be instructive to 
see wherein the dilEerence lies. 

It is, of course, quite true that Jupiter is a brilliant 
source of light, but in this respect the light that emanates 
from the planet is of a very different character from the 
light which radiates from the sun. Jupiter is not a sun- 
like object diffusing radiance around in virtue of his own 
intrinsic brilliancy. If the satellites revolving around the 
planet were really in the condition of the planets them- 
selves as they revolve around the sun, then the closer the 
satellite was to the planet the greater would be the illu- 
mination it would receive. But of course this is not at all 
the case. Although we have excellent reasons for believing 
that Jupiter is in truth a highly heated globe, yet we are 
perfectly assured that the temperature falls far short of 
that which would be required if the great planet were 
to dispense its beams around in the same manner as a 
miniature sun. Indeed, there are facts connected with 
the satellites themselves which render it perfectly clear 
that Jupiter, so far from possessing a sun-like radiance, is 
absolutely devoid of any intrinsic light whatever. It 
shines merely as the earth itself shines, or as the moon 
shines, or the planet Mars, or Yenus, or Saturn, by the 
sunbeams which fall upon it. As to the light which 
illumines the satellites of Jupiter, it also can only come 
from the sun. We cannot, indeed, say that the light- 
radiating power of a certain area on Jupiter is the same 
as that from an equal area on one of his moons. There 
are certainly intrinsic diflFerences between the material 

o 
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constitution of the great planet and of his satellites which 
prevent us from affirming that they are at all times equally 
capable of reflecting light. Some portions are whiter than 
others, and therefore return a larger fraction of the sun- 
light which falls upon them. Still, however, we may for 
the purpose of the present argument remember that as 
both Jupiter and the moons are illuminated by the same 
sun, they are both sufficiently nearly of the same bright- 
ness. It therefore follows that there would be no gain of 
lustre to the satellite in being near Jupiter. Note, then, 
the difference between what would have happened if 
Jupiter were sun-like, and what does actually happen 
when Jupiter is merely a planet. In the former case there 
would be a distinct accession of brightness to the satellite 
the closer it made its approach. In the latter case there 
would be no variation of brightness at all. 

To follow the argument a step further we must think 
of what takes place in the eye of the astronomer who is 
observing the planet. On the retina an image is formed 
ot the great globe. The image is extremely minute, but 
owing chiefly to the disturbances of our atmosphere, the 
genuine image is surrounded with a region in which the 
nerves of the retina are more or less affected by the light, 
which ought, if all the sources of disturbance could be 
excluded, to be entirely concentrated within the image 
itself. Of course, vision of other objects on this affected 
part of the retina will be correspondingly impaired. If 
the image of a satellite fall upon it, then whether it will 
be perceived or not depends upon whether the brilliance 
of the little object is sufficient to excite those nerves 
whose sensibility is somewhat lessened by the stray light 
referred to As the satellite acquires no increased bril- 
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liance from Jupiter's own lustre, it is obvious that the 
further it be away the more will its image stand out on 
that part of the retina where there is no temporary 
diminution of sensibility, and the better it will be seen. 
Such is the reason why the moons of Jupiter cannot be 
seen with the unaided eye except under conditions that 
need not be again referred to. Were objects of no greater 
brilliance quite aloof from such a bright orb as one of the 
great planets, they would easily be discerned without 
optical aid. In the ordinary language of the astronomer, 
one of Jupiter's satellites would be reckoned as bright as 
a star of the fourth magnitude. 

Since the discovery of the satellites of Mars by Professor 
Asaph Hall at Washington, in 1877, there has been no 
event in the astronomical world which has possessed the 
same interest as that of which we are now speaking. From 
one point of view it might appear that the announcement 
of an addition of another satellite to Jupiter's system was 
no very significant matter after all. Ko doubt the 
new attendant of the great planet is a very trifling 
object, as far as dimensions are concerned. It is not 
nearly so large as many of those minor planets the dis- 
coveries of which are constantly being announced. How 
comes it that people are talking about and thinking about 
Jupiter's fifth satellite, while there are thousands or rather 
millions of stars lying unnoticed through space P and yet 
any one of these stars is perhaps a million times as big as 
this little satellite, besides being a sun, which may pre- 
sumably be a source of light and heat to planets which 
circulate around it. What is the ground for so much ex- 
citement about the discovery of an object which is probably 
among the most minute, if not itself actually the most 
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minute, of all the objects of which our telescopes can take 
cognisance P Why is it that an apparition of a great comet 
with a blazing tail half across the sky would not haye 
for astronomers half the interest possessed by this little 
stranger P Why is it that sun-spots, lunar craters, the 
ioe-oaps of Mars, and his newly discovered lakes, the 
revelations as to Yenus, were for the moment forgotten 
or unheeded ; why did everyone become so eager to learn 
all about this tiny little moon of Jupiter, and on the tiptoe 
of expectation for every further item of intelligence from 
the Lick Observatory P 

Let me say at once that this extreme interest in the little 
object appears most natural. I am glad to share in it, for 
there seem to be certain very good reasons why such interest 
should be felt. In the first place, Jupiter has always been 
a &vourite telescopic object. The globe itself is so vast 
that the featuTf^ are on a 8u£Sciently large scale to be 
discernible with comparatively small instrumental power. 
Thus it is that the cloud belts on the great planet are 
fiumiliar objects to everyone who has ever used a telescope. 
Then, too, the ever-varying positions of the four older 
satellites make them a spectacle that is always attractive. 
At one time we are watching an edipee, in which a 
satellite plunges into Jupiter's shadow and disappears 
for a while. At another time we note how the wanderer 
vanishes by occultation behind the body of the great globe 
around which it revolTea. Then, too, there are the 
aingulsurlT delicate and beautiful phen<MDena of the transits 
of the satellites in frtmt of the planet. In this case not 
ooIt is the satellite itself often to be traced in the act of 
citing. but« as a far more striking manifestation, its 
dark sh;idow is thrown on the brill:ar.t globe. The 
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moT\dmeiit8 of the satellites are so rapid that the different 
phenomena we have referred to are repeated frequently, 
and many of them can be discerned with a comparatively 
small telescope. 

But the Jovian system of satellites has also a claim 
on those astronomers who devote themselves rather 
to mathematical research than to telescopic observa- 
tion. Each of the moons is, of course, mainly guided 
in its movement by the attraction of the great globe 
itself. If there were only a single moon and if there 
were no other interference, then the determination of its 
movement would be a comparatively simple matter, and 
the places occupied by the satellite at every date could be 
predicted with complete confidence. In no one of the 
planets, however, can so simple a condition of things as 
we have supposed be realised. It is no doubt true that 
the earth is attended by but a single moon, but then the 
movement of the earth's companion is rendered highly 
complex by the fact that the attraction of the sun con- 
stantly tends to make it swerve from the simple elliptic 
path which it would otherwise pursue. The movement 
of our moon, however embarrassing a problem it may 
present to mathematicians, is, nevertheless, simplicity 
itself in comparison with the movement which has to be 
performed by one of Jupiter's moons. In the case of each 
of these little bodies there is not only a force exerted by 
the sun with the effect of disturbing the satellite's motion, 
but each one of the four globes attracts each one of the 
others, and is in turn attracted by it. 

The consequence of this is that the movements of 
Jupiter's satellites form one of the most troublesome 
problems which the mathematical astronomer has ever 



loa IN THE HIGH HEAVENS,. 

been called upon to solve. It presents peculiar features oi 
difficulty arising from the exceptional character of the 
Jovian system ; but these very difficulties, so far from 
deterring mathematicians from the study, have in some 
cases acted as a stimulus. A considerable part of 
Laplace's famous book, the ^'M^canique Celeste," is 
devoted to the study of the system of Jupiter's satel- 
lites. He has contrived certain analytical methods 
for encountering the many points that arise, and he has 
succeeded in explaining some of the most remarkable 
dynamical features of the system. Many other mathe- 
maticians have also essayed the task of a thorough eluci- 
dation of the problem. Indeed, on more than one occasion 
the question has been propounded by the Academy of 
Sciences at Paris, and a considerable prize has been 
offered for a satisfactory discussion. 

The test of the completeness of such a theory would 
be sought in the precision with which it would enable 
the movements of the satellites to be predicted. No 
doubt a good deal has been done in this way. Our 
''Nautical Almanac/' for instance, announces, with 
all needful details, the various eclipses and occulta- 
tions of the satellites, as well as their transits aod 
the movements of the shadows across the disc. It is 
quite possible^ even with our present knowledge of 
the subject, to predict such phenomena for some years in 
advance. The accuracy with which these indications can 
be made is amply sufficient for the ordinary purposes for 
which they are required. But in such investigations the 
requirements of science demand a much closer degree of 
approximation between what is observed and what is 
calculated than is possible in the present state of our 
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knowledge of Jupiter's satellites. There is much work 
yet to be done before the movements of this system can 
be reduced to satisfactory order. 

The object in now mentioning these matters is not 
assuredly to attempt, in these pages, any contribution 
towards the task of improving the tables of Jupiter's 
satellites. My purpose is to show how much attention has 
been paid to the system by astronomers of every class. It 
would be utterly impossible to obtain any accurate notion 
of how often Jupiter has been carefully observed, let us 
say, within the last hundred years. We can, however, 
obtain some sort of estimate which will help to explain the 
profound impression that the announcement of a dis- 
covery of a new satellite is calculated to make. The great 
planet is visible for some months every year. We shall 
certainly be well within the mark if we say that it must 
have been scrutinised carefully by skilful observers at 
least a thousand times each year. For, remember how 
many observatories there are in the world, where special 
attention is given to such work, and also of late years how 
many excellent telescopes there are in private hands. 
Considering, too, that the Jovian system is one of such 
intense interest to all observers, and that, except the 
moon, there is no object in the sky more frequently and 
more carefully studied, it is not at all an undue estimate to 
assume that Jupiter and his moons must have been care- 
fully examined, I do not mean merely looked at, at least 
one hundred thousand times during the last hundred years. 

Now we shall be able to understand the extraordinary 
interest which the announcement of the detection of a 
fifth satellite has created. Here was this system which 
everyone knew, which had occupied so much attention, and 
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now we are told on the best authority that there is some- 
thing to be seen in it which had eluded all the eyes that 
ever looked at it before. This is indeed a surprise. Those 
who have good telescopes will think on the fortune which 
might conceivably have smiled on them, if perchance the 
satellite had presented itself on one of those rare occasions 
when it might have come within the reach of instruments 
less powerful than that by which it was actually discovered. 
The mathematical astronomers to whom the problem of 
Jupiter has ever been an attractive though a very difficult 
subject will find that the new satellite imparts an entirely 
fresh aspect to the question. It will now, doubtless, be 
attacked again with a quickened interest, and it is certain 
that the movements of the newly discovered body will 
suggest considerations of great theoretical importance. It 
is even quite possible that its detection may have the effect 
of removing some of the difficulties that have hitherto 
been experienced in the attempts to interpret the move- 
ments of the four older bodies. 

The Lick Observatory had already become famous from 
the numerous valuable observations which have been made 
within the last few years. We certainly mean no dis- 
paragement to its previous achievements when we say that 
they have been altogether cast in the shade by the 
announcement of the last discovery which has been made 
on the summit of Mount Hamilton. We fully appreciate 
the splendid series of double-star discoveries by Bumham. 
We recognise the value of the observations of Mars, of the 
beautiful lunar photographs, of the admirable and instruc- 
tive spectroscopic work of Keeler, but from henceforth it 
would seem that the Lick telescope must be chiefly 
remembered, not for these ^dmir^ble labours, but as the 
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instrument with which Jupiter's fifth moon has been 
found. 

In this respect the Lick telescope may be compared 
with another celebrated instrument of America, the 
great Washington refractor. Doubtless much excel- 
lent work has been done by this latter instrument, besides 
that achievement by which its name will be specially 
handed down. It was with this superb glass at Wash- 
ington that Professor Asaph Hall discovered the two 
satellites of Mars in 1877. This at once raised the name 
of Hall to a high rank in the list of famous astronomical 
discoverers. Now we have a triumph of the same high order 
won with the Lick telescope. This entitles the name of Bar- 
nard to be inscribed on the same select roll as that which 
contains the name of Asaph Hall. 

On such an occasion astronomers of all countries 
freely offer their hearty congratulations to those who 
pursue their science in America. In no other country 
can there be found such a lavish and splendid endow- 
ment of astronomical observatories. Nowhere else is 
there such abundant provision for the carrying on of 
astronomical work of all kinds. It were fitting that 
the rewards should go to the credit of the country 
which has done most to earn them. There is no civilised 
nation whose inhabitants would not have experienced 
a thrill of pride if such a discovery as that of the 
two moons of Mars or of the fifth satellite of Jupiter 
had been achieved within \i% borders by one of its own 
people. As it happens, both these distinctions belong to 
America, and those who are fully acquainted with the 
matter know how valiantly the American astronomers 
b^ve struggled with ' their difficulties wd how trium- 
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phantly they have overcome them. Nor should it be 
forgotten in this connection that the great Lick tele- 
scope as well as the Washington telescope is of American 
manufacture. Both are the products of the consummate 
optical skill of Messrs. Alvan Clark, of Massachusetts. 
Those who provided these grand instruments, those who 
made them^ those who used them, and the nation which 
owns them, are all to be sincerely congratulated on the 
splendid results of their joint efforts. 

The orbit of Jupiter so nearly resembles a circle that 
the distance from the earth to the planet does not greatly 
alter. Accordingly there is not much variation in the 
distance from the earth to the planet at one opposition 
and another. It does so happen that in the opposition 
through which Jupiter passed in 1892, the actual distance 
attained was almost the smallest possible. Even that, 
however, is nearly four times as great as the distance 
from the earth to the sun. In the case of Jupiter, the 
most important question, so far as the advantages for 
observation are concerned, is the season of the year when 
the opposition takes place. For observations of a planet 
it is specially desirable to have the body as high as pos- 
sible in the heavens. The atmospheric difficulties, which 
are always so embarrassing to the astronomer, are lessened 
with every increase of the altitude. This consideration 
will show how the opposition referred to offered excep- 
tionally favourable advantages for the observation of 
Jupiter. As the great planets move in planes which are 
nearly coincident with the ecliptic, it follows that the 
best time for observing the planet will be during the 
winter season. Of coarse, the most suitable moment, so 
fiir as altitude is concerned, would be when the oppo- 
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sition took place on midwinter day, while the lowest 
altitude would be reached in an opposition on Midsummer 
Day. It is true that the ideally perfect opposition was 
not reached in 1892. The opposition took place in 
October, that is to say, two months before the most suit- 
able time. But on the whole the conditions were un- 
usually favourable. 

Professor E. E. Barnard had already obtained deserved 
fame as a skilful astronomical observer, and therefore it 
is that his announcement of this new discovery has been 
at once accepted by astronomers. It is the extreme 
minuteness of the body which is the cause of its having 
hitherto escaped notice. We are told that the fifth 
satellite appears as a star of the thirteenth magnitude, if 
not even very much less. An object possessing no greater 
brilliance than is thus indicated can only be perceived by 
a good telescope under the most favourable circumstances. 
When, however, the difficulties of seeing the satellite 
are enhanced by the fact that it is located close to so 
brilliant a globe as the great planet, then it is only the 
exceptional powers of the Lick telescope, and the excep- 
tional excellence of the situation in which the telescope 
is placed, which have enabled it to be detected at all. So 
far as we can estimate the lustre of the new satellite, it 
can hardly be the five-hundredth part of the lustre of 
even the faintest of its older companions in the same 
system. Indeed not improbably the proportion must be 
expressed by a figure considerably greater than that 
which I have written. If one of the older satellites were 
crushed into a thousand equal fragments, the bulk of one 
of these fragments would be comparable with that of the 
new satellite. 
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The distance of this new moon from the centre of 
the planet appears to be about 112,500 miles, and the 
period of each revolution is about 11 hours 57 minutes. 
It will thus be noticed that the satellite revolves round 
Jupiter in a period which exceeds that required by 
Jupiter to accomplish a rotation on his own axis, namely, 
9 hours 55| minutes. The new satellite is so close to 
the surface of Jupiter that the difficulty of this detection 
is greatly enhanced by. the fact that it is so frequently 
hidden by the great globe. Only for a comparatively 
small part of each revolution does the little body appear 
well away from the margin of the planet. When most 
remote it will be at a distance of 36 seconds from the 
edge, that is, about two-thirds of the diameter of Jupiter. 
Then six hours later it will be at a similar distance on 
the opposite side of its orbit. It is often difficult to 
observe one of the large satellites when in the act of 
transit across the planet's disc, so that we can* hardly be 
surprised that the transits of an object which is such an 
extremely small fraction of their size should not be per* 
ceived. 

Of course, there is a notable difference between 
the case of a transit of a satellite over its primary and 
that of a planet, like Venus or Mercury, in front of the 
sun's disc. In the latter case the planet appears as a 
black spot against the brilliant background. In fact, it 
may be remembered that an unsuccessAil search for an 
intra-Mercurial planet has actually been conducted in the 
manner thus suggested by seeing if it could not be 
observed during the progress of the transit. But the 
case is very different when a satellite of Jupiter transits 
over the face of the planet. The lustre of the satellite. 
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arising as it does from sunbeams only, is equal to the 
lustre of the face of the planet, except in so far as in- 
equalities in the intrinsic reflecting powers of the two 
bodies may suffice to cause a difference. The shadow of 
the new satellite on the globe of the planet, though no 
doubt it would be an extremely small point, would still 
nevertheless be intensely black in comparison with the 
surrounding surface, and therefore it might be expected 
that it ought to be comparatively easy to see when suffi- 
cient optical power was available. It must, however, be 
observed that the diameter of this shadow is considerably 
less than the tenth of a second, and therefore far too 
minute to be recognisable as a dark spot. As there is 
but little variation in Jupiter's distance from the sun, it 
will be almost equally well displayed at every opposition, 
if not to observatories in the British Islands, then to 
observatories elsewhere. Thus, for instance, if the oppo- 
sition happened to be in June, as will sometimes occur, 
then, though the planet will be very low down for 
observers in our latitudes, yet it will be very favourably 
placed for astronomers in the southern hemisphere. Thus 
we may hope that we shall speedily accumulate a con- 
siderable quantity of observations relative to the new 
object. 

To realise all that is implied by this discovery of an 
additional moon to the four previously known members of 
Jupiter's system, it will be necessary to refer to another 
point. Every one who knows anything of astronomy is 
aware that the distances of the several satellites from the 
centre of the planet, and the periodic times in which they 
revolve, are connected by a definite relation. This is, of 
course, an immediate inference from Kepler's famous law. 
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It may be worth while to refer to this, as it leads to the 
recognition of certain important facts in connection with 
the new discovery. Let us consider, for instance, the 
innermost of the four well-known satellites of Jupiter. 
It revolves round its primary in a period which, according 
to the best determination, may be taken as 1 day, 18 
hours, 27 minutes, 34 seconds. We may regard this orbit 
as circular and the distance of the satellite from the centre 
of Jupiter as 262,000 miles. In like manner the outer- 
most of the four satellites revolves around Jupiter in a 
period of 16 days, 16 hours, 32 minutes, 11 seconds, and 
the length of its radius is 1,170,000 miles. There is a 
certain relation between the four magnitudes I have 
named, which is expressed by saying that the squares of 
the times are proportional to the cubes of the distances. 
As this law depends upon gravitation it must be obeyed 
by any new satellite, and here we can foresee that the 
Barnard moon, whatever else it may do, must at all 
events revolve in an orbit under such conditions that the 
cube of its radius bears to the square of the periodic time 
the same relation as in the case of each of the other 
satellites. 

In estimating the distance of a satellite from its primary, 
the most natural unit of measurement to adopt is not to 
be expressed in miles or in thousands of miles. It should 
rather be given in terms of the equatorial radius of the 
planet. The sense of proportion is gratifi.ed in this way 
of looking at the matter. This is specially advantageous 
in the case of Jupiter's moons, and we shall proceed to 
illustrate it by pointing out the movements that would be 
appropriate for moons placed at different distances from 
the centre of Jupiter. The critical case of a moon which 
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was as close as possible to the surface of the plunet so as 
just to graze it, is one of peculiar interest. The moon 
so circumstanced would have to hurry round its vast 
circle in something less than three hours. If its pace 
fell short of that the body would fall into the planet. 
Were it greater, then the body would fly ofi* into a dif- 
ferent path altogether. If a satellite were situated at a 
distance from Jupiter exactly equal to the radius of the 
planet at its equator, then the time of revolution would 
be just a little more than eight hours. With every 
increase in the distance there is a corresponding increase 
in the period. I need not follow the matter into any 
further detail beyond stating that if the distance of the 
satellite were ten times the radius of the planet, then the 
periodic time would be about 92 hours. 

There is, however, one special case of so much interest 
that it must not be passed over. We have hitherto said 
nothing as to the rotation of Jupiter on its axis. Were 
Jupiter a rigid body throughout its mass, and did it con- 
tain neither oceans nor an atmosphere, then the speed at 
which the planet rotates would have no significance so far 
as the movements of the satellites were concerned. But, 
of course, the supposition just made is anything but cor- 
rect with regard to the constitution of Jupiter. It is 
doubtful if there are any parts of its vast globe which 
could be described as rigid, while it is certain that it is 
enveloped by a prodigious atmosphere. In other words, 
Jupiter is composed of materials which are liable to tidal 
influence. This being so, the speed of Jupiter's rotation 
on his axis is a very important element in the considera- 
tion of the movement of his satellites. We may take 
the period of rotation at 9 hours 55^ minutes. This 
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would be the periodic time of a satellite whicli was situated 
at a distance above the surface of the planet which was 
about one and a quarter times as much as his radius ; 
more accurately, this magnitude would be 2*273 equatorial 
radii of the planet distant from the centre of Jupiter. A 
satellite which revolved in this critical orbit would occupy 
quite an exceptional position, as the time of its revolution 
would equal that of the planet's rotation, so that the 
satellite would be constantly over the same spot of the 
planet. The planet would, in fact^ always bear the same 
face towards an observer situated on the satellite, just as 
the moon always turns the same face to the earth. It is, 
however, certain that the new satellite is somewhat out- 
side this critical position. 

The fact that the period of revolution of the new satellite 
happens to be so near twelve hours leads to a somewhat 
singular difficulty in determining its movements. It is 
plain that to find the orbit which it pursues with any pre- 
cision it would be desirable to combine observations made 
when it was now at one side and now at the other side of 
Jupiter. Let us suppose that at midnight the satellite is 
at its greatest distance to the east of the planet. It can 
then, of course, be observed under the most favourable cir- 
cumstances. Six hours later the satellite, having accom- 
plished half a revolution, will be at the greatest elonga- 
tion west ; but then Jupiter will be so placed that it can- 
not be observed. Daylight, of course, follows, and in 
twenty-four hours after the first observation the satellite 
will have resumed the position which it had at midnight 
the preceding night. It thus follows that at one observa- 
tory it can only be possible for many nights in succession 
to observe the satellite at one of the sides of Jupiter. If 
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the period of revolution had happened to be an hour or 
two different from what it actually is, then there would 
have been no such difficulty. A few nights after one 
elongation had been observed the other would have been 
presented in a convenient phase for measurement. As it 
is, however, Professor Barnard must have his observations 
supplemented by those at some other observatory in a 
considerably different longitude. Here is the difficulty. 
Telescopes of sufficient power to show the new object 
there may be, but the exceptionally favourable conditions 
for observation presented on the top of Mount Hamilton 
are not easily to be paralleled elsewhere. It is, however, 
generally found that once an object has been discovered it 
is frequently possible to observe it again with telescopic 
advantages greatly inferior to those with which the dis- 
covery was made. 

As to the physical character of the new satellite it 
seems difficult to offer any surmise. It seems probable 
that so small an object must be in the solid state. We 
are in the habit of accounting for the obviously non-solid 
condition of Jupiter himself by the excessive heat which 
he still contains. But the new satellite bears to Jupiter 
a proportion, let us say, of a grain of mustard-seed to a 
cocoa-nut. It therefore appears that though such a vast 
bulk as Jupiter may not yet have had time to cool down 
into the solid form, the same can hardly be averred of 
its tiny companion. If there should be any fluid materials 
on the small satellite they must be distracted by the most 
terrific tides. It is certain that seas on its surface would 
be submitted to tidal forces at least thirty times as potent 
as those on the earth. 

There cannot be a doubt that Barnard's discovery will 
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afford much occupation for mathematicians. It is hardly 
possible that it will not be the means of lending a freah 
impetus to the study of the entire Jovian system. At 
the same time we must remember that the detection of 
the new body does not offer to us, so far as we are at 
present advised, any interesting information of the same 
character as that which the satellites of Mars presented. 
The mass of Mars was an element not very confidently 
known until the satellites had been discovered, and their 
distances and periods measured. The mass of Jupiter, 
however, is one of the most carefully determined elements 
of the solar system. It has been accurately ascertained 
by the movements of its satellites, especially of the fourth. 
There can hardly be a doubt that the value assigned to it 
is right to within one-thousandth part of the whole. We 
have, therefore, nothing further of this kind to expect 
from the new satellite. 

It will lalso be remembered tbat one of the most 
astonishing features of the Martian system of moons was 
the extraordinarily rapid motion of the inner of the two, 
by which it coursed three times round the planet before 
the planet turned round once. This fact at the time 
of its announcement was unique in the whole solar 
system. There was never a case known before in which 
a secondary planet accomplished a revolution in less 
time than the primary accomplished a rotation. And 
so far as this discovery in regard to Jupiter goes, the 
peculiar feature of the inner moon of Mars still remains 
unique. Even though the period of the satellite is only 
about twelve hours, it is still about two hours longer than 
the time which Jupiter requires to spin round his axis. 
We ought, however, here to notice that the rotation of 
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Jupiter is exceptionally rapid. If the great planet re- 
quired as mucli time for one of his rotations as does Mars, 
or the earth, then the new satellite of Jupiter would 
present the same anomalous feature to its primary as we 
actually find in Mars and its inner satellite. 

There are so many mysteries about Jupiter that we are 
specially glad to welcome the new satellite in the hope 
that somehow it will afford a clue to their explanation. 
We are still ignorant of the true nature of the great red 
spot which has a period of rotation different from that of 
the planet itself. Then there are the small black spots 
which appear to revolve round the planet in a few minutes 
less time than the planet itself requires for its revolution. 
Professor Barnard's discovery is one of those achievements 
which is often succeeded by others of the same class. This 
has, indeed, been the case. The Fifth Satellite has been 
followed by a Sixth and a Seventh which have been detected 
by Photography. Professor Perrine, at the Lick Obser- 
vatory, has the high honour to have added to our knowledge 
of the Solar system by the detection of these delicate 
objects. 



CHAPTER VI. 



HE facts with regard to the opposition 
of Mars in 1892 are sufficiently note- 
worthy to be stated with some detail, 
and we may first set them forth even 
at the risk of repeating a few things 
that will be familiar to those who 
hare diligently studied the Nautical Almanack. It 
appears that the orbit of this particular planet is espe- 
cially remarkable, among planetary orbits generally, 
for its departure from the circular form so nearly assumed 
in the movements of most of the other similar bodies. 
Mars has an orbit of so mnoh eccentricity that its distance 
from the aun varies very considerably. It is sometimes as 
much as 153,000,000 miles off. It is sometimes as little 
as 127,000,000 miles. The orbit in which our earth 
revolves is much more nearly circiJar than is the orbit of 
Mars, but still the variations of the distance between the 
earth and the sun are too large to be overlooked, even 
though they may seem relatively unimportant. Under 
certain circumstances our earth may be as &r from the 
sun as 93,500,000 miles, while the smallest magnitude to 
which the distance can shrink is 90,500,000 miles. These 
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few facts will enable us to estimate the stretch of space 
that divides us from the other world in which so much 
interest is now being taken. 

The longest distance that could possibly intervene be- 
tween the two globes is found when the sun lies between 
them and when they are each at their greatest possible 
distance from it. On the other hand the most favourable 
condition for the observation of Mars will be when the 
planet is making its nearest approach to the sun, and when 
the earth happens to be in the same direction as Mars from 




Fig, 13.— Orbits of the Satellites of Mars. 



the sun. It can be shown that the very lowest value which 
the planet's distance from the earth can possibly assume 
would be about 35,000,000 miles. Nor is the condition of 
things which we have supposed one which will be often 
realised. No doubt every two years and two months, or 
more accurately every 780 days, the sun and Mars and the 
earth come nearly into a straight line, the earth being be- 
tween the other two bodies ; whenever this happens we 
have what is called the opposition of Mars. If the orbits 
of both Mars and the earth were circular, then any one 
opposition would be as good as any other, so far as proxi- 
mity is concerned : for the distance between the earth and 
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the planet on each such occasion would be simply the differ- 
ence between their two distances from the sun. But, as 
we have already seen, the orbits are not circular, and con- 
sequently there is very considerable Tariety in the different 
oppositions as regards the advantages which they offer to 
the astronomer. It might, for instance, happen that 
Mars was at its greatest distance from the sun at the time 
when the earth crossed between it and the sun. Then the 
interval between the two bodies would be more than 
60,000,000 miles, and the opposition would be as unsuit- 
able as it could possibly be. It thus follows that such a 
very favourable opposition as that through which Mars 
passed in 1892 only arises from a particular combination 
of circumstances which but rarely occur. 

It may, however, be of interest to lay down the prin- 
ciples which exhibit the law by which the succession of 
such oppositions is determined. The opposition of Mars 
can occur while the earth is at any part of its orbit; 
that is, the opposition may happen in any month of 
the year. The part of Mars' path which at present lies 
nearest the sun runs towards that part of the earth's track 
through which the earth passes in August. Hence it 
follows that if an opposition takes places in August it does 
so at a time when Mars is as near to the sun as is possible. 
It is true that the earth is not then nearest to the sun, 
but as the effect contributed by the variation of the earth's 
distance is of little importance, it follows for all practical 
purposes that when the opposition takes place in August, 
it does so under the most desirable circumstances. 

On the other hand, if it should happen that the opposi- 
tion took place about February, then the conditions would 
be as unfavourable as possible, for though Mars, earth, 
and sun were in a straight line in the order I have named. 



^et at tluB part of its path Mars is at its greatest distance 
from the sun, and consequently tlie opposition takes place 



when the tvo bodies are separated by the greatest dis- 
tance that is at present possible on the occasion of an 
opposition. It thus happens that in the February opposi- 
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tions the distance between the two bodies is double as 
great as it is in the August oppositions. At double the 
distance the planet only looks one-fourth the size, and 
hence the appearance of Mars, when the opposition is in 
February, is widely different from that which it presents 
in the glories of an August opposition. 

We can now understand why such an opportunity as 
that which we are at present referring to is a rare one. 
In the first place an opposition of Mars occurs once every 
780 days. In the second place the opposition is just as 
likely in the long run to take place in one month as 
another. Only, however, when it occurs about August is 
it a really favourable one. If a friend paid us a visit once 
every two or three years, and if his visits were impartially 
distributed over the various seasons, it would not be on 
many occasions in a lifetime that we should expect to 
receive him during the grouse shooting. Of somewhat 
similar infrequency are the favourable visits of Mars, but 
whenever he does happen to come into opposition about 
the time when the grouse are being slaughtered, then his 
ruddy form blazes with an unwonted splendour. 

A knowledge of these facts points out that the opposi- 
tion of Mars in 1892 was the best that has offered itself 
since 1877, and the best that will offer itself for many 
years to come. Hence it is that so much interest has 
been manifested in this phenomenon, for though it would 
not be true to say that Mars is our nearest neighbour in 
the heavenly host, yet there are circumstances which 
render his globe much more instructive to us than any of 
the other heavenly bodies. 

Of course, the moon is always much closer to the earth 
than is Mars. Even when the moon is at its greatest 
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s. distanoe from us it is still 

not o De-hundredth part of 
the distance by which wt 
are divided from Mare when 
that planet is at its nearest 
Yet we can never look on 
the moon as a neighbouring 
world in the same sense in 
which we look at Mars. 

_ , _ _ , „ The mooQ is a slobe of 

Fig. Ifi.— The SoMOUB in Nam. " 
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the earth. Its want of air 
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satellite can have any resemblance whatever to the eartli 
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which of the two was the greater, though, as a matter 
of fact, to some insignificant extent, we may remark 
that both in volume and in mass the earth exceeds the 
sister planet. Venus is also, in a strict sense, a closer 
neighbour to us than Mars. At no time can it wander 
so far from us as Mars is accustomed to do, while 
at its closest approach the distance from Yenus to the 
earth is less than two-thirds of that by which Mars when 
nearest still remains separated from us. Nor are other 
points of resemblance between the earth and Yenus want- 
ing. Especially may we notice that, like its companion 
globe, Yenus is encompassed with a copious atmosphere. 
Everything, therefore, so &r as we can judge, points to 
the conclusion that Yenus is a world resembling our own 
in important features of physical constitution, so that quite 
possibly it is adapted to be a residence for organized 
beings. 

Here, unfortunately, telescopic examination gives us 
but little aid. Notwithstanding the considerable size of 
Yenus, and the closeness with, which she makes her 
approach, we are unable to scrutinize her surface with the 
success that we desire. That very splendour which makes 
the evening star so lustrous an object decks the planet in 
such a shining robe that we are unable to make out the 
details on its surface. We can, no doubt, sometimes see 
that her form is an exquisite crescent which passes through 
a succession of phases. We can occasionally detect, under 
rare favourable circumstances of climate and instru- 
mental equipment, slight indications or marks on the 
surface of the planet which, with some help from the 
imagination, we can suppose to be indications of conti- 
nents. Then, again, some observers have noticed that 
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ruptions and irregularities are presented which have been 
interpreted as implying the existence of great mountains 
onYenuB. But when this is admitted we have said almost 
all that has ever been alleged to be discernible by us of 
the topography of that globe which is really our nearest 
planetary neighbour. The little that we have seen merely 
suggests what a wonderful spectacle might be disclosed 
could we put Yenus into a more favourable position. If 
Yenus were placed where Mars is, then the greater size 
of the former planet would make it a far more striking 
spectacle than Mars ever can be. Mars happens to be the 
more interesting globe to us simply because it is better 
placed for observing. Everybody knows that you can 
read your book comfortably if you sit with the light so 
nearly behind you that it may fall on the page at which 
you are looking. This is the aspect in which Mars is pre- 
sented at opposition. The sun. which illuminates Mars, 
is then at midnight, behind the observer, but its beams 
are directed full on the planet, and exhibit it under the 
most favourable conditions. But Yenus is presented to 
us in quite a different manner. It is not pleasant to 
try to read with the lamp in front of you, and your book 
held up between you and the lamp. Yet this is the way 
we haye to look at Yenus when it makes its closest 
approach. The consequence is that, while astronomers 
have abundance to tell us about the appearance of Mars, 
they have but little to say about the features of that other 
globe which is both larger and nearer to us than Mars, 
and with which, in all probability, we have closer affini- 
ties than we have with any other body in the universe. 
From one cause or another, it happens that Mars is the 
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most world-like of all the other globes which come within 
the range of effective observation. It would, indeed, be 
very rash to assert that other bodies may not have a closer 
resemblance to our earth than Mars has, but of them we 
have either little knowledge, as in the case of Yenus, or 
no knowledge at all. No doubt both Jupiter and Saturn 
can vie with Mars in the copiousness of detail with which 
they delight the astronomers who study them. These 
grand planets are deserving of every attention, but then 
the interest they excite is of a wholly different kind from 
that which makes a view of Mars so attractive. Jupiter 
offers us a meteorological study of the most astounding 
cloud-system in creation. Saturn gives an illustration of 
a marvellous dynamical-system the like of which would 
never have been thought possible had it not actually pre- 
sented itself to our notice. But the significance of Mars 
is essentially derived from those points of resemblance to 
the earth which are now engrossing attention. Mars is 
clearly a possible world, presenting both remarkable ana- 
logies and remarkable contrasts to our own world, and 
inducing us to put forth our utmost endeavours to utilise 
so exceptional an occasion as that presented in the close 
approach which it made in 1892. Let us see what we 
have learned about this globe. 

In the first place, it should be noticed that Mars must 
be a small world in comparison with our own. The width 
of this globe is only 4,200 miles, so that its volume is but 
the seventh part of that of the earth. The weight of 
Mars is even less than what might have been expected 
from his bulk. It would take nearly ten globes, each as 
heavy as Mars, to form a weight equal to that of the 
earth. This fundamental difference in dimensions be- 



tween Mars and our globe is intimately connected 
with certain points of conttaat which it offers to the 
earth. 

Of these the most important ia that which concerns 
the atmosphere. When we consider what the qnalifioations 
for a globe as a possible abode for organic beings should be, 
it is natural to inquire first into the presence or the absence 
of an atmosphere. Seeing that onr earth ia enveloped by 
a eopiooe covering of air, it follows that the beings which 
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dwell upon its surface must be specially adapted to the 
couditious which the atmosphere imposes. Most, if not 
all, animals utilise this circumstance by obtaining a proxi- 
mate source of energy in the union of oxygen from the 
atmosphere with ozidizable materials within their bodies. 
In this respect the atmosphere is of such fundamental 
importance that it is difficult for us to imagine what that 
type of life best adapted for existence on an airless 
globe would he. In other respects which are hardly 
less important, the conditions of life are also depen- 
dent on the fact that we live at the bottom of. an 
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ocean of air. It is the atmosphere which, to a large 
extent, mitigates the fierceness with which the sun's rays 
would beat down on the globe if it were devoid of such 
protection. Again, at night, the atmospheric coTering 
serves to screen us from the cold that would otherwise be 
the consequence of unrestricted radiation from the earth 
into space. It is, therefore, obvious that the absence of a 
copious atmosphere, though perhaps not so absolutely 
incompatible with life of some kind, must still necessitate 
types of life of a wholly difEerent character from those 
with which we are familiar. In attempting, therefore, to 
form an estimate of the probability of life on another 
world, it is of essential importance to consider whether it 
possesses an atmosphere. 

We may here lay down a canon which appears to be 
pretty general among the celestial bodies accessible to 
our observations. It may be thus stated. The larger the 
body the more abundant the atmosphere by which that 
body is surrounded. Of course this rule has to be under- 
stood with certain qualifications, and perhaps some excep- 
tions to it might be suggested, but as a broad general 
fact it will hardly be questioned. Thus, to take at once 
the largest body of our system and one of the smallest — 
the sun and the moon — they both provide striking exem- 
plifications of the principle in question. It is well known 
that the sun is enveloped by an atmosphere remarkable 
for the prodigious extent that it occupies. On the other 
hand the moon, which is by far the smallest of the 
bodies readily accessible fco our observations, is, if not 
entirely devoid of gaseous investment, at all events only 
provided with the scantiest covering of this nature. 
But the chief interest that the principle we have laid 
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down possesses, is found in the explanation wliich has 
been given of it. That explanation is both so recent and 
80 remarkable that I am glad here to have the opportu- 
nity of setting it forth, as it has an important application 
in the case of Mars. 

Modem research has demonstrated that what we call a 
gas is in truth a mighty host of molecules far too small 
to be perceptible by the most powerful microscope. Each 
of these molecules is animated by a rapid movement, 
which is only pursued for a short distance in one direc- 
tion before an encounter takes place with some other mole- 
cule, in consequence of which the directions and velocities 
of the individual molecules are continually changing. 
For each gas the molecules have, however, a certain 
average pace, which is appropriate to that gas for that 
temperature, and when two or more gases are blended, as 
in our atmosphere, then each molecule of the constituent 
gases continues to move with its own particular speed. 
Thus, in the case of the air, the molecules of oxygen as 
well as the molecules of nitrogen, are each animated by 
their characteristic velocity, and the same may be said of 
the molecules of carbonic acid or of any other gas which, 
in more or less abundance, may happen to be diffused 
through our air. For two of the chief gases the average 
velocities of the molecules are as follows : oxygen, a 
quarter of a mile per second ; hydrogen, one mile per 
second ; in each case the temperature is taken to be 64^ 0. 
below zero, being presumably that at the confines of the 
atmosphere. It will be noticed that there is a remark- 
able difference between the speeds of the two molecules 
here mentioned. That of hydrogen is by far the gr^totf 
of any gas. 
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We may now recall a fundamental fact in connection 
with any celestial body large or small. It is well known 
that, with the most powerful pieces of artillery that can 
be forged, a projectile can be launched with a speed of 
about half a mile per second. If the cannon were pointed 
vertically upwards the projectile would soar to a great 
elevation, but its speed would gradually abate, the sum- 
mit of its journey would be duly reached, after which it 
would fall back again on the earth. Such would un- 
doubtedly be the case if the experiment were made on a 
globe resembling our own in size and mass. But on a 
globe much smaller than the earth, not larger, for instance, 
than are some of the minor planets, it is certain that a 
projectile shot aloft from a great Armstrong gun would 
go up and up and would never return. The lessening 
gravitation of the planet would fail to recall it. Of course 
we are here reminded of Jules Yerne's famous projectile. 
According to that philosopher, if a cannon was pointed 
vertically, and the projectile was discharged with a speed 
of seven miles a second it would soar aloft, and whether 
it went to the moon or not, it would at all events not 
return to the earth except by such a marvellous series of 
coincidences as those which he has described. But the 
story will at all events serve to illustrate the fact that for 
each particular globe there is a certain speed with which 
if a body leaves the globe it will not return. 

It is a singular fact that hydrogen in the free state is 
absent from our atmosphere. Doubtless many explana- 
tions of a chemical nature might be offered, but the argu- 
ment employed by Dr. G. J. Stoney is most interesting, 
inasmuch as it shows that the continued existence of 
hydrogen in our atmosphere would seem to be impossible^ 



No doubt the average speed at whicb the moIeculeB of 
this gas are hurryiDg about is only one mile a second, 



and, therefore, only a seventh of the critical velocity 
repaired to projeot a missile from the earth so as not to 
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return. But the molecules are continually changing 
their velocity and may sometimes attain a speed which is 
seven times as great as the average. Suppose^ therefore, 
that a certain quantity of hydrogen were diffused through 
our air, every now and then a molecule of hydrogen in 
its wanderings would attain the upper limit of our atmo- 
sphere^ and then it would occasionally happen that with 
its proper speed it would cross out into space beyond the 
region in which its movements would be interfered with 
by the collisions between other atmospheric molecules. 
If the attraction of the earth was su£Scient to recall it, 
then, of course, it would duly fall back, and in the case 
of the more sluggishly moving atmospheric gases the 
velocity seems always small enough to permit the recall 
to be made. But it happens in the case of hydrogen that 
the velocity with which its molecules are occasionally 
animated rises beyond the speed which can be controlled 
by terrestrial gravity. The consequence is that every 
now and then a molecule of hydrogen succeeds in bolt- 
ing away from the earth altogether, and escaping into 
open space. Thus it appears that every molecule of free 
hydrogen which happened to be present in an atmosphere 
like ours, would have an unstable connection with the 
earth, for wherever in the vicissitudes of things it hap- 
pened to reach the very uppermost strata it would be liable 
to escape altogether. In the course of countless ages it 
would thus come to pass that the particles of hydrogen 
would all effect their departure, and thus the fact that 
there is at present no free hydrogen in the air over our 
heads may be accounted for. 

If the mass of the earth were very much larger th»n it 
is, then the velocities with which the molecules of hydro- 
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gen wend their way would never be sufficiently Ugli to 
enable them to quit the earth altogether, and consequently 
we might in such a case expect to find our atmosphere 
largely charged with hydrogen. Considering the vast 
abundance of hydrogen in the universe, it seems highly 
probable that its absence from our air is simply due to 
the circumstances we have mentioned. In the case of a 
globe so mighty as the sun, the attraction which it exer* 
oises, even at the uppermost layers of its atmosphere, is 
so intense that the molecules of hydrogen never attain 
pace enough to enable them to escape. Their velocity 
would have to be much greater than it ever can be if 
they could dart away from the sun as they have done from 
the earth. It is not, therefore, surprising to find hydro*^ 
gen in the solar atmosphere. In a similar manner we can 
explain the abundance of hydrogen with which the atmo- 
spheres of other massive suns like Sirius or Yega seem to 
be charged. The attraction of these vast globes is suffi- 
ciently potent to retain even an atmosphere solely com- 
posed of this subtle element. 

It is now easy to account for the absence of atmosphere 
from the moon. We may feel confident from the line of 
reasoning here followed that neither of the gases, oxygen 
or nitrogen, to say nothing of hydrogen, could possibly 
exist in the free state on a globe of the mass and dimen- 
sions of our satellite. The pace with which the mole- 
cules of oxygen and nitrogen speed on their way would 
be quite sufficient to render their abode unstable if it 
should ever have appeared that circumstances placed such 
gases on the moon. We need, therefore, feel no surprise 
at the absence of any atmosphere from the neighbouring 
globe. The explanation is given by the laws of dyna- 
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mics. We are placed at too great a distance from the 
small planets or asteroids, as they are called, to be able 
to see whether or not they have any gaseous surround • 
ings. But it is possible, from the ingenious argument we 
are discussing, to assure ourselves that such small bodies 
must be quite as devoid of air as the moon. There are, 
we know, globes in our system only a few miles in 
diameter, and so small in mass, that a cricket-ball there, 
receiving the velocity it would get from the bat of a 
W. G. Grace, would go off into space never to return. It 
is quite obvious that the molecules of any gases we know 
would be far too nimble in their movements to remain 
prisoners at the surface of little globes of this description, 
to which their only bond was the feeble attraction of 
gravitation. It is, therefore, in the highest degree 
improbable — we might, indeed, almost say impossible — 
for gaseous surroundings to be preserved by any globe 
where the mass is not considerably greater than that of 
the moon. 

In applying these considerations to Mars we have first 
to note that its mass and size are intermediate between 
those of the earth and the moon. It is much more 
capable of retaining an atmosphere than the moon, though 
its capability in this respect falls short of that possessed 
by the earth. But in such a case it is essential to depend 
not on mere generalities but on the actual numerical facts 
of the case. Without going too deeply into detail it is 
sufficient to observe that there must be for each globe a 
certain critical velocity represented by the least pace at 
which a missile projected from it will succeed in escaping 
altogether. In discussing this we may leave out of view 
the question of the resistance which the air opposes to 
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the passage of the projectile. This is, no doubt, of vital 
importance in cases where actual artillery practice is 
concerned, yet it is not material to our present inquiry. 
The problem which we are considering depends on the 
moToments of the molecules of air at the summit of the 
atmosphere, and the question is simply whether after they 
have made an incursion into free space there is sufficient 
efficiency in the attraction of the globe to effect their 
recall. 

At the surface of Mars the speed which would carry a 
body away from its surface altogether is about three 
miles per second. It seems certain that the velocity of 
the molecules of hydrogen is often far in excess of this, 
and consequently free hydrogen is impossible as a per- 
manent ingredient of the Martian atmosphere. Oxygen, 
however, has a molecular velocity only about one-fourth 
of that of hydrogen, and it seems unlikely that the 
oxygen molecules can ever have sufficient velocity to 
permit their escape from an atmosphere surrounding 
Mars. There is nothing, therefore, to prevent this element 
from being now present. 

But the case of the vapour of water is especially instruc- 
tive and interesting. Its molecules have a speed which 
averages about one-third of that attained by the mole- 
cules of hydrogen. It would seem that the utmost pace 
that the molecules of water could attain (being perhaps 
seven times the average velocity) would be about 2^ miles 
per second. Now this would not be enough for escape 
from Mars, for we have seen that a speed of three miles 
per second would be required for this purpose. This 
argument suggests that the globe of Mars happens to 
approach very closely the dimensions ^d mass of th^ 
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miflUeat world on whicli the oontinaed exiatenoe of water 
would be posnble. It would perhaps be going rather too 
&r to ny that a world almost the size of Mars moBt there- 
fore be the smallest on which life could possibly be sup- 
ported, but it is plain that onr argoment tends to support 
■noh a proposition. 

The discnssion we have just given will prepare us to 



Ilg. 10.— Mars through the teleaoope. 

believe that a planet with the size and mass of Mars may 
be expected to be encompassed with au atmosphere. Oar 
telescopic observations completely bear this out. It is 
perfectly certain that there it a certtun ehell of gaseous 
material investing Mars. This is shown in various ways. 
We note the gradual obscuration of objects on the planet 
as they approach the edge of the disc, where they are 
necessarily viewed through a greatly increased thickness 



of Martiun atmoBphere. We also obBerve the clearness 
with which objects are exhibited at the centre of the disc 
of Mars, and though this may be in some measure due to 
the absence of distortion from the efTects of foreshortening, 
it undoubtedly arises to some extent from the fact that 
objects in this position are viewed through a comparatively 
small thickness of the atmosphere enveloping the planet. 



fig. 20.— Hus Ummgh the telescope. 

Clouds are also sometimes seen apparently floating in the 
upper region of Mars. This, of course, ie only possible 
on the supposition that there must be an atmosphere 
which formed the vehicle by which clouds were borne 
along. It is, however, quite obvious that the extent of 
the Martian atmosphere must be quite insignificant when 
compared with that by which our earth is enveloped. It 
is a rare circumstance for any of the main topographical 
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featareB, each as the outlines of its so-called continents or 
coasts of its so-called seas, to be obscured by clouds to an 
extent which is appreciable except by very refined obser- 
vations. 

Quite otherwise would be the appearance which our 
globe would present to any observer who should view 
it say from Mars, or from some other external world at 
the same distance. The greater part of our globe would 
seem swathed with vast clouds through which only occa- 
sional peeps could be had at the actual configuration of 
its surfaca I dare say a Martian astronomer who had an 
observatory with sufficiently good optical appliances, and 
who possessed sufficient patience, might in the course of 
time, and by availing himself of every opportunity, 
gradually limn out a chart of the earth which would in 
some degree represent that with which we are familiar in 
our atlases. It would, however, be a very tedious matter 
owing to the interruptions to the survey caused by the 
obscurities in our atmosphere. The distant astronomer 
would never be able to comprehend the whole of our 
earth's features in a bird's-eye glance as we are able to 
do those features on that hemisphere of Mars which 
happens to be turned towards us on a clear night. 

As to what the composition of the atmosphere on Mars 
may be we can say but little. In so far as the sustenance 
of life is concerned, the main question, of course, turns on 
the presence or the absence of oxygen. It may be perti- 
nent to this inquiry to remark here that a globe sur- 
rounded by air may at one epoch of its career have free 
oxygen as an ingredient in its atmosphere, while at other 
epochs free oxygen may be absent. This may arise from 
another cause besides the possible loss of the gas by 
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diffusion into space from small globes in the manner 
already explained. Indeed^ it seems quite probable that 
the oxygen in our own air is not destined for ever to 
remain there. It passes through various vicissitudes by 
being absorbed by animals and then restored again in a 
free state under the influence of vegetation. But there is 
an appetite for oxygen among the inorganic materials of 
our globe which seems capable of using up all the oxygen 
on the globe and still remaining imsatiated. We have 
excellent grounds for believing that there is in the interior 
of the earth a quantity of metallic iron quite suflScient to 
unite with all the free oxygen of the air so as to form 
iron oxide. In view of the eagerness with which oxygen 
and iron unite, and the permanence of the compound which 
they form, it is impossible for us to regard the presence 
of oxygen in the air as representing a stable condition of 
things. It follows that, even though there may now be 
no free oxygen in the atmosphere of Mars, it is by no 
means certain that this element has always been absent. 
It is, however, not at all beyond the reach of scientific 
resources to determine what the actual composition and 
extent of the atmosphere of Mars may be, though it can 
hardly be said that as yet we are in full possession of the 
truth. 

An almost equally important question is as to the tele- 
scopic evidence of the presence of water on Mars. Here, 
again, we have to be reminded of the fact that even 
when the planet makes its closest approach it is still 
actually a very long way off. It would be impossible for 
as to say with certainty that a region which by its 
colour and general appearance looked like an ocean of 
water was really water or was even a fluid at all. It i^ 
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SO easy to exaggerate the capabilities of our great tele- 
scopes that it may be well to recount what is the very 
utmost that could be expected from even our greatest 
instrument when applied to the study of Mars. Let us 
consider, for example, the capabilities of the Lick tele- 
scope in aiding such an inquiry as that before us. This 
instrument, both from its position and its optical excel- 
lence, offers a better view of Mars at the present time 
than can be obtained elsewhere. But the utmost that 
this telescope can perform in the way of rendering 
remote objects visible is to reduce the apparent distance 
of the object to about one- thousandth part of its actual 
amount. Some, indeed, might consider that even the 
Lick instrument would not be capable of giving so great 
an accession to our powers as this statement expresses. 
However, I am willing to leave the figure at this amount, 
only remembering that if I estimated the powers of the 
telescope less highly than these facts convey, the argu- 
ment on which I am entering would be correspondingly 
strengthened. 

As we have already said, Mars is at a distance of 
35,000,000 miles during a favourable opposition, and if 
we look at it through a telescope of such a power as we 
have described the apparent distance is reduced to one- 
thousandth part. In other words, all that the best tele- 
scope can possibly do is to exhibit the planet to us as it 
would be seen by the unaided eye if it were brought within 
a distance of 35,000 miles. This will demonstrate that 
even our greatest telescopes cannot be expected to enable 
us to answer the questions that are so often asked about 
our neighbouring globe. What could we learn of Europe 
if we bad only a bird's-eye view of it from a height of 



Fig. 21.— Part of ft Hap of Han. 

3S,000 miles, that is to say, from a height which was a 
dozen times as far as from the shores of Earope to 
America P The broad outlines of the coast might, of 
course, be seea by the contrast between the oolour of a 
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continent and the colour of the ocean. Possibly a great 
mountain mass like the Alps would be sufficiently notice- 
able to permit some conjectures as to its character to be 
formed. But it is obvious that it would be hopeless to 
expect to see details. The smallest object that would be 
discernible on Mars must be as large as London. It 
would not be possible to see a point so small as either 
Liverpool or Manchester would be if they were on that 
planet. There is no doubt a remarkable contrast between 
the dark colours of certain parts of Mars and the ruddy 
colours of other parts. We would, however, be unwar- 
ranted in asserting that the former must be oceans of 
water, and the latter continents of land. This may in- 
deed be the case, and most astronomers, I believe, think 
that it is the case, but it certainly has not yet been proved 
to be so. 

Undoubtedly the most striking piece of evidence that 
can be adduced in favour of the supposition that there is 
water on Mars is derived from the " snowy " poles on the 
planet. The appearance of the poles on Mars with their 
white caps is one of the most curious features of the solar 
system. The resemblance to the structure of our own 
polar regions is extremely instructive. It is evident that 
there must be some white material which from time to 
time gathers in mighty volume round the north and 
south poles of the planet. It is also to be noticed that 
this accumulation is not permanent. The amount of it 
waxes and wanes in correspondence with the variations 
of the seasons on Mars. It increases at either pole of 
Mars during the winter of that pole. In this respect 
the white regions, whatever they may be composed of, 
present a noteworthy contrast to the majority of th^ 
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other features on the planet. The latter offei no periodic 
changes to our notice ; they are eyidentlj comparatively 
permanent marks, not to any appreciable extent subject 
to seasonal variations. When we reflect that this white 
material is something which grows and then disappears 
according to a regular period, it is impossible to resist 
the supposition that it must be snow, or possibly the con- 
gealed form of some liquid other than water, which during 
Mars' summer is restored to a fluid state. There can 
hardly be a doubt that if we were ever able to take a 
bird's-eye view of our own earth its poles would exhibit 
white masses like those which are exhibited by Mars, and 
the periodic fluctuations at different seasons would produce 
changes just like those which are actually seen on Mars. 
It seems only reasonable to infer that we have in Mars a 
repetition of the terrestrial phenomenon of arctic regions 
on a somewhat reduced scale 

Among the features presented by Mars there are others, 
in addition to the polar caps, which seem to suggest the 
existence of water. It was in September, 1877, when 
Mars was placed in the same advantageous position for 
observation that it subsequently occupied in 1892, that a re- 
markable discovery was made by Professor Schiaparelli, the 
director of the Milan Observatory. In the clear atmosphere 
and the convenient latitude of the locality of his observa- 
tory, he was so fortunate as to observe marks not readily 
discernible under the less advantageous conditions in 
which our observatories are placed. Up to this time it was 
no doubt well known that the surface of Mars could be 
mapped out into districts marked with more or less dis- 
tinctness, so much so that charts of the planet had been 
carefully drawn and names had been assigned to the 
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various regions which could be detected with sufficient 
certainty. But at the memorable opposition to which we 
have referred, the distinguished Italian astronomer dis- 
covered that the tracts generally described as "conti- 
nents '^ on Mars were traversed by long, dark " canals/' 
as he called them. They must have been each at least 
sixty miles wide, and in some cases they were thousands of 
miles in length. Notwithstanding the dimensions to 
which these figures correspond, the detection of the 
Martian canals indicates one of the utmost refinements of 
astronomical observation. The fact that they are so 
difficult to see may be taken as an illustration of what I 
have already said as to the hopelessness of discerning any 
object on this planet unless it be of colossal dimensions. 

It is impossible to doubt that considerable changes 
must be in progress on the surface of Mars. It is true 
that, viewed from the distance at which we are placed, 
the extent of the changes, though intrinsically vast, seem 
relatively insignificant. There is, however, too much 
testimony as to the changes to allow of hesitation. As an 
illustration of what is meant, we may refer to the subse- 
quent observations of the canals made by Schiaparelli, 
their discoverer. During the opposition of 1881 and 1882, 
he again recognised the presence of these curious objects, 
but it would seem that a very extraordinary transforma- 
tion had taken place in some of them. They had become 
doubled. In certain cases a pair of canals could be 
detected, separated by an interval of two hundred miles 
or more, and running parallel to each other throughout 
their whole length. Again, in the opposition of 1888, 
other astronomers, notably Dr. Terby and M. Perrotin, 
have also made observations confirming the remark- 
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able phenomenon of the duplicity in the canals. 
Professor Schiaparelli has, on the same occasion, con- 
firmed his previous obseryations, and, notwithstanding 
that the opposition of 1888 was not really an advantageous 
one, yet under exceptionally favourable circumstances, he 
declares that he saw the hemisphere of Mars so exqui- 
sitely delineated that the canals had all the distinctness 
of an engraving on steel, with the magical beauty of a 
coloured painting. 

Speculations have naturally been made as to the ex- 
planation of these wonderful canals. It has been suggested 
that they may indeed be rivers; but it hardly seems 
likely that the drainage of continents on so small a globe 
as Mars would require an elaborate system of rivers each 
sixty miles wide and thousands of miles in length. There 
is, however, a more fatal objection to the river theory, in 
the fact that the marks we are trying to interpret some- 
times cross a Martian continent from ocean to ocean, 
while on other occasions they seem to intersect each other. 
Such phenomena are, of course, well-nigh impossible if 
these so-called canals were in any respect analogous to 
the rivers which we know on our own globe. It can, 
however, hardly be doubted that if we assume the dark 
regions to be oceans the canals do really represent some 
extension of the waters of these oceans into the con- 
tinental masses. Other facts which are known about the 
planet suggest that what seem to be vast inundations of 
its continents must occasionally take place. Nor is it 
surprising that such vicissitudes should occur on a globe 
circumstanced like Mars. Here again it is well to 
remember the small size of the planet, from which we 
may infer that it has progressed through its physical 
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eyolution at a rate more rapid than would be possible 
witb a larger globe like the earth. The sea is constantly 
wearing down the land, but by upheavals arising from 
the intensely heated condition of the interior of our globe 
the land is still able to maintain itself above water. It 
can, however, hardly be doubted, that if our earth had 
so far cooled that the upheavals had either ceased or were 
greatly reduced, the water would greatly encroach on the 
land. On a small globe like Mars the cooling of the 
interior has so far advanced that, in all probability, the 
internal heat is no longer an effective agent for indirectly 
resisting the advance of the water, and, consequently, the 
observed submergence is quite to be expected. 

That there may be types of life on Mars of some kind 
or other is, I should think, very likely. Two of the 
elements, carbon and hydrogen, which are most intimately 
associated with the phenomena of life here, appear to be 
among the most widely distributed elements throughout 
the universe, and their presence on Mars is in the highest 
degree probable. But what course the progress of evolu- 
tion may have taken on such a globe as Mars, it seems 
totally impossible to conjecture. It has been sometimes 
thought that the ruddy colour of the planet may be due 
to vegetation of some peculiar hue, and there is certainly 
no impossibility in the conception that vast forests of some 
such trees as copper-beeches might impart to continental 
masses hues not unlike those which come from Mars. 
Speculations have also been made as to the possibility of 
there being intelligent inhabitants on this planet, and I 
do not see how anyone can deny the possibility at all 
events of such a fact. I would suggest, however, that 
as our earth has only been tenanted by intelligent beings 
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for an extremely brief part of its entire history, say, for 
example, for about one-thousandth -part of the entire 
number of years during which our globe has had an 
independent existence, so we may fairly conjecture that 
the occupancy of any other world by intelligent beings 
might be only a very minute fraction in the span of the 
planet's history. It would, therefore, be highly improba- 
ble, to say the least of it, that in two worlds, so profoundly 
different in many respects as are this earth and Mars, the 
periods of occupancy by intelligent beings should happen 
to be contemporaneous. I should therefore judge that, 
though there may once have been, or though there may 
yet be, intelligent life on Mars, the laws of probability 
pronounce against the supposition that there is such life 
there at this moment. 

We have also heard surmises as to the possibility of 
the communication of inter-planetary signals between 
the earth and Mars, but the suggestion is a preposterous 
one. Seeing that a canal, sixty miles wide and a thou- 
sand miles long, is an object only to be discerned on 
exceptional occasions, and under most favourable circum- 
stances, what possibility could there be that, even if 
there were inhabitants on Mars, who desired to signal to 
this earth, they could ever succeed in doing soP We are 
accustomed to see ships signalling by flags, but what 
would have to be the size of the flags by which the earth 
could signal to Mars, or Mars signal to the earth P To 
be efiective for such purpose each of the flags should be, 
at least, as big as Ireland. It is true, no doubt, that 
small planets would be fitted for the residence of large 
beings, and large planets woiild be proper for small beings. 
The Liliputians might be sought for on a globe like 
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Jupiter, and the Brobdingnagians on a globe Kke Mars, 
and not vice versd as might be hastily supposed. But no 
Brobdingnagian's arms would be mighty enough to wave 
the flag on Mars which we should be able to see here. 
No building that we could raise, even were it a hundred 
times more massive than the Great Pyramid, would be 
discernible by the Martian astronomer, even had he the 
keenest eyes and the most potent telescopes of which our 
experience has given us any conception. 



CHAPTER vn. 

POINTS IN SPECTROSCOPIC A8TRONOMT. 



LE annual meeting of the Britiah 
AfiBociation in 1891 had a pecu- 
liar interest for astronomers, 
inasmucli as the assembly at 
Cardiff was gathered together 
lo hear an address on the subject of Modem Astronomy 
from the lips of one who is admittedl}r the founder of a 
great branch of astronomical physics. 

There is no Englishman, there is no man of any other 
nution, who could speak with the same authority as Sir 
Willinm Hnggins on the achieTemeuts of the spectroscope 
in the exploration of the heavens. To realise luUy what 
he has done we must contrast our present knowledge 
with the knowledge that was possessed thirty years ago. 
Up to the middle of the present century the progress of 
astronomy along the older lines had no doubt been 
marvellous. The discovery of Neptune had illustrated in 
a forcible manner the completeness of mathematical 
astronomy. The movements of the planets had become 
so thoroughly understood that, though here and there 
small disc rep anoies were recognised, yet it seemed 
that the difficulties remaining to be vanquished were 
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only akin to those whioh had be^i already overcome. 
More comets no doubt could be found, more minor 
planets were being constantly discovered, but the 
older methods did not supply much fresh intellectual 
pabulum. They provided, it is true, additional material 
for the application of well-known formulae ; they required 
the computation of tables similar in scope to scores of 
other tables that were already in hand. But it certainly 
seemed that if astronomy was to sustain the high interest 
that it had always possessed, some new departure was 
necessary in order that the science might exhibit that 
growth which seems to be an essential requisite of vitality. 
It was about thirty years ago that the much needed 
advance was made which opened up to research a vast 
department of science of a totally unexpected character. 

Gomte was one of those who, in alluding to the probable 
exhaustion of attainable astronomical science, indicated 
some problems which were apparently beyond the reach 
of our powers. We might, he surmised, find out much 
with regard to the movements of the heavenly bodies, we 
might survey their distances, measure their dimensions, 
and appraise their weight ; but, said Oomte, to find out 
their material composition or to learn the actual chemical 
elements of which they are composed, this problem, 
though it would be pregnant with interest for us, we 
could not but despair of solving. It was not many years 
before this rash assertion was disproved by the splendid 
discoveries which, to the astonishment of the world, ex- 
plained the meaning of the dark lines in the solar spec- 
trum, and demonstrated the existence of iron and other 
well-known metals in our great luminary. 

It is essential to the right understanding of the subject to 
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comprehend adequately the enormous accession to ourknow^- 
ledge which this indicated. Chemists had studied the struc- 
ture of our globe for centuries ; they had ascertained that 
it was composed of some sixty or seyenty elements ; but 
they knew nothing as to the composition of the heavenly 
bodies. The sun, moon, and stars might, for anything 
we knew at that time, be composed of elements quite as 
unknown to us as lithium or any other rare metal was to 
Aristotle. The only indication of the chemical composition 
of bodies external to the earth was obtained from 
meteorites. It was, indeed, noted with interest that 
meteorites contained no elements except those which were 
already known to exist on the earth. The origin of 
meteorites was, however, at that time too obscure to enable 
any sound inference to be drawn about the composition of 
the celestial bodies generally. Indeed it might have been 
urged with much force that as the meteorites had been 
falling on the earth for countless ages an appreciable pro- 
portion of the materials on the earth's surface may have 
been accumulated from this source, so that the meteoric 
elements must be already discoverable in the list of 
terrestrial substances. In fact, we knew absolutely 
nothing about the composition of the globes external to the 
earth, and any information that was forthcoming on this 
subject was thus presented in the light of a revelation. 

I do not here attempt to give any historical account of 
the discoveries. My only object is to indicate the position 
which Sir W. Huggins occupies, so as to comment on the 
address which he so fitly delivered at Cardiff. It is 
natural in this connection to refer to the lecture which 
Huggins delivered at Nottingham before the British 
Association in 1866, On that occasioui as some of 



*i 



POINTS IN SPECTROSCOPIC ASTRONOMY. 151 

those who listened to him at Cardiff may perhaps 
remember, he described the memorable discoveries by 
which he extended the methods of spectrum analysis 
to several of the heavenly bodies. He showed the spectra 
which he and the late Professor Miller had already suc- 
ceeded in obtaining of some of the brightest stars; notably 
of Aldebaran and Betelguese. He had measured the dark 
lines with which the spectra of these stars were crowded, 
and it was shown by their positions that certain well- 
known terrestrial substances must be present in those 
distant luminaries. In reference to many of these elements 
the coincidence is based not on one line but on several 
lines, so that it is impossible to shake the testimony which 
the spectroscope affords as to the identity, in part at all 
events, of the constituents of the stars with the materials 
in the solar system. 

On referring to this memorable lecture of 1866, it is 
indeed surprising to find how discoveries seemed to crowd 
together at the commencement of Sir William Huggins' 
career. He had at that time noticed the characteristic 
spectrum presented by white stars, of which Sirius is one 
type, and had demonstrated the existence of hydrogen in 
stars of this class. He had also examined coloured stars, 
like Alpha Herculis, and had found them to exhibit a 
spectrum, in which portions of the coloured bands are 
subdued by strong groups of lines in such a way as to 
afford an explanation of the hues which these stars display. 
He had demonstrated in the case of Beta Cygni that 
sufficient lines are found in the blue and violet parts of 
tJie spectrum of the large star to make the red and yellow 
rays predominate, thus giving to the lustre of the larger 
star of this celebrated pair a hue th^t is often known ^^ 
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Fig. 23.— The Region of the Milky Way about jS Cygni. Showing 

twelve bright stars. 

topaz colour. On the other hand, the small and delicate 
blue companion shows a spectrum in which the strongest 
groups of lines occur in the orange, yellow, and part of 
the red. 

There is no more pleasing phenomenon in sidereal 
astronomy than that presented by the contrasted hues 
often exhibited by double stars. It was, however, 
always in some degree a matter of uncertainty as to how 
fa?" these T£|,ried hi;es ^eye i» be regardecl as actually 
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indigenous to the stars, for it seemed not at all impossible 
that there might be some optical explanation of colours 
so viyidly contrasted emanating from points so contiguous. 
It was also remembered that blue stars were generally 
only present as one member of an associated pair, and it 
was thought, not it must be confessed without plausibility, 
that the blue hue which was exhibited might have arisen 
from some subjective cause, or at all events that it did not 
necessarily imply that the star actually possessed a bluish 
colour. When, Sir William Huggins showed that the 
actual spectrum of the object demonstrated that the cause 
of the colour in each star arose from absorption by its 
peculiar atmosphere, it became impossible to doubt the 
reality of the phenomena. Since then it has been for 
physicists to explain why two closely neighbouring stars 
should differ so widely in their atmospheric constituents, 
for it can be no longer contended that their beautiful hues 
arise from an optical illusion. 

Another achievement in the early part of Sir William 
Huggins' career is connected with the celebrated new 
star that burst forth in the Crown in 1866. It seemed a 
fortunate coincidence that just at the moment when the 
spectroscope was beginning to be applied to the sidereal 
heavens, a star of such marvellous character should have 
presented itself. I well remember going with Lord Eosse 
in 18(56 to pay my first visit to Sir William Huggins 
.r, Tulse Hill. One of the objects he showed us was the 
spectrum of this star, which on the 12th of May in that 
year suddenly burst forth with a lustre of the second mag- 
nitude in the constellation of the I^orthern Crown. At 
the time of my visit the star had considerably declined 
from its original radiance. The feature which made th^ 
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Kg. 24.— The Region of the Milky Way about ^ Cygni. Showing 

sixty stars. 

spectrum of the new star essentially distinct from that of 
any other star that had been previously observed was the 
presence of certain bright lines superposed on a spectrum 
with dark lines of one of the ordinary types. The position 
of certain of these lines showed that one of the luminous 
gases must be hydrogen. It is impossible to dissociate the 
spectroscopic evidence from the circumstances known in 
CQimectioii with this star. The spectroscope showed th^t 
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there must have been something which we may describe 
as a conflagration of hydrogen on a stupendous scale, and 
this outburst would account for the sudden increase in 
luminosity of the star, and also to some extent explain 
how so stupendous an illumination once kindled could 
dwindle away in so short a time as a few days. Viewed 
in the light of much later work, these early discoveries 
assume an increased significance. ^ 

If we were to choose that one of Sir William Huggins' 
achievements which gave the widest extension to our 
knowledge, I think we can hardly hesitate to select what 
Bomney Bobinson long ago called the '^ palmary dis- 
covery " of the spectrum of a nebula. It was here that in 
the most emphatic sense Sir W. Huggins broke new ground. 
The stars were known to be bodies more or less congene- 
rous with our sun ; and up to the time of which I am 
speaking, about a quarter of a century ago, nebulae were 
often looked upon as clusters of stars too distant for us to 
perceive the rays from each individual point. In fact, 
with the erection of each great telescope the test of its 
performance was generally sought in its power to ** resolve '* 
nebulae, as the process used to be called. It is true that 
many nebulsB wholly refused to disintegrate, but it was 
generally, though not universally, thought that, with 
increased power, even the most refractory nebula would 
exhibit itself as a mere cloud of stars. Remembering 
this fact, and remembering also the faintness of these 
mere stains of light, it may be readily believed that when 
Huggins first allowed one of these objects to throw its 
gleam on the slit of his spectroscope, he did not enter- 
tain much hope that this instrument, though so potent 
elsewhere^ would avail to interpret such a dim object. If 
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Eg. 25.— The Region of the Milky Way about (3 Cygni. Showing 
tlionwuidB of teletioopic stan. 

the nebula was of the same order as stars which had been 
observed, then its light would be expanded by the prism, 
and weak as the light was at the beginning it woold 
become much weaker still when spread out in the act of 
dispersion. When, however, Hnggins found that he could 
see light in the spectroacope he so little realised the 
natnre of his important discovery that he thought for 
th^ mooieat what he saw must have had its otigiq it) some 
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maladjustment of liis apparatus. But it was not so. 
He discovered that the nebula he was looking at^ as well 
as many other objects of the same class, was not a mere 
distant cluster of stars, but that they were masses of 
glowing gas. 

The action of the prism on light from a star is 
utterly different from its action on the light emitted 
from glowing gas. In the former case the light is 
spread out into the long band displaying the rainbow 
hues if bright enough ; in the latter case the light is con- 
densed into one or more luminous lines. The light from 
the gaseous nebula is exhibited by the spectroscope in a 
number of bright lines instead of being spread out over 
the entire length of the spectrum. That nothing should 
be wanting to complete this splendid contribution to our 
knowledge of the universe Sir William Huggins dis- 
covered the nature of the gases which glow in these faint 
bluish nebulaB. Even at this early period he succeeded 
in establishing the existence of hydrogen in these remote 
regions of space. 

The important discoveries we have named may be said 
to have initiated the application of spectrodcopic research 
to the sidereal heavens. The address that Huggins 
delivered at Cardiff presents a splendid picture of the har- 
vest of discoveries by this time accumulated. It is natural 
that so attractive a field of research should have engaged 
the co-operation of many zealous explorers. To their 
labours the address rendered ample justice. 

At the present moment the attention of the astrono- 
mical world is especially directed towards the development 
of the resources of photography in the various applications 
which it has to their art. Already the camera has become 
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an indispensable adjunct in tlie observatory, and we are 
every day learning more and more of what it can do for 
us. The chemical eye is often more sensitive than the 
human eye ; it is always more patient. It will display 
for us a magnificent nebula like that which surroimds 
the Pleiades, and which is whoUy invisible to the unaided 
eye, and only to be seen with the telescope under very 
special conditions not often realised. Naturally, Huggins 
has discussed at length the applications of photography. 
It would be impossible for him not to have men- 
tioned that photograph obtained by the lato Dr. 
Roberts of the great nebula in Andromeda, which was 
produced by exposing a highly sensitive plate for four 
hours in the focus of a powerful reflector. The result has 
been to produce a picture which has been said, and I 
believe with truth, to be the most suggestive represen- 
tation of any celestial object that has ever been obtained. 
Features which had been dimly traced in the nebula 
when visually examined in powerful telescopes are now 
seen to be parts of an organic whole, visible on the photo- 
graph, though not otherwise discernible by the keenest 
sense. 

Such a study of this great nebula was all the more 
acceptable because it is one of the most baffling of these 
objects. It is bright enough to be perceived by the un- 
aided eye, and it might have been expected that so striking 
a celestial structure ought by this time to have disclosed 
its character either as a distant cluster of stars, or as a 
truly gaseous object. Herschel long ago called it one of 
the least resolvable of the nebulsB, but yet it does not 
appear to possess a spectrum similar to that of the gaseous 
nebulae of which we have been speaking. The character 
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of this object, both as to its actual physical nature and as 
to the materials present in it, is at present undetermined. 
This consideration lends a certain amount of mystery to 
Dr. Roberts' great photograph, a mystery we do not feel 
to a corresponding extent when s^e look at the photograph 
of Andromeda's only rival, the great nebula in Orion. 
The pictures of the latter exhibit a glorious object which 
is certainly known to be gaseous, and we have also the 
assurance that hydrogen is among the materials of which 
it is composed. 

No part of Sir William Huggins' address was better 
than that which treated of the exquisite application 
of the spectroscope to the discovery of the movement of 
approach or movement of recession in the object from 
which the light emanates. In fact there is no passage in 
the address which seems to me more pregnant in signifi- 
cance than that in which he remarks that : '' In the future a 
higher value may indeed be placed upon this indirect use 
of the spectroscope than upon its chemical revelations.' ' 
As to the accuracy of this 'method, it enables us, under 
favourable circumstances, to measure speed of reces- 
sion or approach "to within a mile per second, or 
even less." What this means is that such a speed as 
that of the revolution of the earth in its orbit around 
the sun could be determined to within five or six per 
cent, of its amount. It is to Sir W. Huggins himself 
that we are indebted for the first application of this prin- 
ciple to astronomical measurement. The earliest obser- 
vations were made by him in 1868, but for many years 
the application of this method was retarded by a want of 
perfection in the instruments necessary for so delicate a 
branch of research. However, such improvements have 
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been made within the last two years, by means of photo- 
graphy, at Potsdam, and by eye observations at the Lick 
ObserTatx)ry, that the method has been elevated to a pre- 
cision that entitles its measurements to the respect which 
has always been accorded to those made by the appliances 
of the older astronomy. 

Professor Yogel at Potsdam photographs a small part 
of the spectrum of the star in the vicinity of the line G, 
and for the purpose of comparison introduces with all 
needful precaution the hydrogen line in that neighbour- 
hood. For certain stars he has recently used some of 
the lines of iron. The result we must give in Sir W. 
Huggins' own words. " The perfection of these spectra is 
shown by the large number of the lines, no fewer than 
250 in the case of Gapella, within the small region of the 
spectrum on the plate. Already the motions of about 
fifty stars have been measured with an accuracy, in the 
case of the larger number of them, of about an English mile 
per second." 

In a method of such delicacy, involving results of so 
great interest, it is obviously desirable to have confirma- 
tory measures made under circumstances as widely 
different aB possible. These have been forthcoming 
from the Lick Observatory in California, thanks to 
the late Professor Eeeler, at that great institution. He 
has succeeded in obtaining determinations, by direct eye 
observation with superb instruments, and he has found 
it possible to execute measurements of a spectrum with an 
accuracy as great as that obtained by Professor Yogel. 
The result is so significant that we must again give it in 
the words of Huggins : 
"The marvellous accuracy attainable in ProfessorEeeler*s 
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hands on a suitable star is shown by obseryations on 
three nights of the star Arcturus, the largest divergence 
of Eeeler's measures being not greater than six-teuths 
of a mile per second, while the mean of three nights' work 
agreed with the mean of five photographic determinations 
of the same star at Potsdam to within one-tenth of an 
Englisli mile. These are determinations of the motions 
of a sun so stupendously remote that even the method of 
parallax practically fails to fathom the depth of interven- 
ing space, and by means of light waves, which have been, 
according to Elkin's nominal parallax, nearly 200 years 
upon their journey." 

It is impossible for any lover of astronomy to read of 
these achievements without some emotion. The alliance 
between photography and spectroscopy is here rendered 
available for extending our knowledge of the movements 
of the heavenly bodies in a direction wholly inaccessible 
to every other appliance of the astronomer. I may men- 
tion one of the points in which the importance of the new 
method can hardly be overrated. In the older process of 
ascertaining the proper motions of stars, the lapse of long 
periods of time was indispensable. A star would have 
to possess a movement more rapid than that of any of the 
stars, except a very few, if it could be determined by our 
meridian instruments in less than a twelvemonth. In the 
majority of cases an interval of many years would be neces- 
sary before the movement of the star could be certainly 
concluded from such measurements. With such small 
movements as those possessed by most of the stars, various 
causes combine to render the measurements highly un- 
certain ; and yet for astronomers who desire to learn the 
constitution of the heavens, there would be no iniorma- 

L 
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tion more valuable than copious and accurate knowledge 
of the proper motions of the stars. It seems from these 
discoveries at Potsdam and at Lick that we may now 
entertain a hope that abundant and accurate information 
of the character that I havb indicated will be promptly 
forthcoming. 

The researches of Professor Eeeler at Lick have already 
afforded us some information with regard to the proper 
motions of the nebulee in the line of sight. Here, indeed, 
an entirely new departure has been made. Most of these 
objects are so ill-defined that their position cannot be 
measured, or cannot by ordinary methods be even 
specified with the accuracy necessary for the determina- 
tion of their proper motions. The vagueness of nebulsB 
is not, however, a bar to the application of the spectro- 
scope in the measurement of its movements in the 
line of sight. We still know nothing as to the move- 
ments of nebulee athwart that line. But it is some- 
thing for us to have obtained information as to the pro- 
gress of these bodies in one direction at all events. An 
attempt was made to solve this problem a good many 
years ago by Sir W. Huggios himself ; but the apparatus 
that was then available did not possess the refinement 
necessary for measurements so delicate. The resources of 
the splendid equipment at Lick have provided what is 
required, and Prof. Eeeler has ascertained the movements 
of some nebulsB. As ^n illustration of his results, we may 
take the famous nebula in Orion. He finds that this 
object is retreating from our system at the rate of about 
ten miles a second. The most rapid movement he has 
yet discovered in one of these nebulous objects is a pace 
of forty miles a second. 
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Among the problems which the spectroscope has yet 
failed to solye must be mentioned that of the Aurora 
Borealis. No doubt something has been learned; but 
still it must be confessed that the prism has been more 
successful up to the present in its application to objects 
which lie like the nebulae on the very confines of the 
visible universe, than it has to the aurora, which is, com- 
paratively speaking close at hand. Sir William Huggins 
gave a summary of our knowledge on this subject. It is 
certain that the glow of the aurora is io the main due to 
the effect of electric discharges in the upper regions of 
the atmosphere. Seeing that we are familiar with the 
spectra of the atmospheric gases, as produced in our 
laboratories, it might have been expected that the inter- 
pretation of the spectrum of the aurora would be a com- 
paratively easy task. We are still ignorant of the source 
of the principal line in the green, which, as Huggins 
remarked, may have an origin independent of that of the 
other lines. 

He also referred to the supposition that the aurora is 
produced by the dust of meteors ; but with reference 
to this, he noted that experiment has shown that fine 
metallic dust suspended in gases conveyiug an electric 
discharge like that of an aurora will not cause the spec* 
trum to exhibit the characteristio line of the metallic 
dust in question. There is much to be said for Professor 
Schuster's suggestion that the principal line in the aurora 
may be due to some extremely light gas which is present 
in too small a relative quantity in the lower strata of the 
atmosphere to permit of its existence being disclosed by 
spectroscopic or any other form of chemical analysis. In 
the upper regions where the auroral displays take place. 
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the ordinary gases have assumed extreme tenuity, and 
the lighter gas becomes of more relative importance, and 
gives a character to the spectrum. 

As it is instructive to learn, as far &s may be, the 
boundary between the known and the unknown, it is in- 
teresting to read what Sir W. Huggins has to tell us about 
the solar corona. The nature of this marvellous appendage 
to the sun is still a matter of uncertainty. There can, 
however, be no doubt that the corona consists of highly 
attenuated matter driven outwards from the sun by some 
repulsive force, and it is also clear that if this force be not 
electric it must at least be something of a very kindred 
character. Dr. Schuster suggests that there may be an 
electric connection between the sun and the planets. In 
fact, with some limitations we might even assert there 
must be such a connecticm. It is well known that 
great outbreaks on the sun have been immediately fol- 
lowed, I might almost say accompanied, by remarkable 
magnetic disturbances on the earth. The instances that 
are recorded of this connection are altogether too remark- 
able to be set aside as coincidences. Sir William Huggins 
has not referred in this connection to Hertz's astonishing 
discoveries ; but it seems quite possible that research 
along this line may throw much light on the subject, at 
present so obscure, of the electric relation between the sun 
and the earth. So far as the spectrum of the corona is 
concerned we may summarise what is known in the words 
of Huggins : '' The green coronal line has no known 
representative in terrestrial substances, nor has Schuster 
been able to recognise any of our elements in the other 
lines of the corona." 

Sir William Huggins regarded it as surprising that our 
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first accurate knowledge of the spectrum of hydrogen 
should have been ascertained not from a course of refined 
laboratory experiments, but from photographs of the 
spectra of the white stars to which Sirius belongs. Hydro- 
gen has a few visible lines in its spectrum, and the photo- 
graph shows that these belong to an organized system of 
lines which are wonderfully displayed in the spectra of the 
white stars, first fully obtained by Sir W. Huggins. The 
hydrogen spectrum possesses a special interest, inasmuch 
as Dr. Johnstone Stoney many years ago pointed out that 
the three principal visual lines were members of a 
harmonic series, and the interesting discovery has been 
since made by Professor Balmer that a more comprehen- 
sive law includes both these harmonic members and the 
rest of the series. Thus the hydrogen spectrum appears 
to present a simplicity not found in the spectrum of any 
other gas, and therefore it is with great interest that we 
examine the spectra of the white stars, in which the 
dark line& of hydrogen are usually strong and broad. In 
stars of this class we often look in vain for those dark 
metallic lines so characteristic of other stars which have 
a nature more nearly resembling our sun. 

The question is also discussed as to whether the radiance 
characteristic of the white stars may be regarded as an 
indication of an extremely high temperature as compared 
with that shown by other stars. It seems hardly possible 
to doubt that such a star as Sirius owes its great lustre 
not merely to its size, but also to its intrinsic brilliancy, 
indicative of a high temperature. It may illustrate the 
attention that has been paid to the spectra of the white 
stars to refer to some interesting observations of Scbeiner; 
he has found that the objects of this class which are in 
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the constellation of Orion agree in possessing a certain 
dark line, which appears to coincide in position with one 
of the bright lines in the famous nebula in the same con- 
stellation. He remarks that, with the single exception oi 
Algol, he has not obseryed this same line in any other 
white star. These observations naturally suggest the re- 
mark that the stars in the constellation of Orion possess a 
certain affinity beyond that implied by their proximity in 
the same constellation. They are apparently a group 
associated by community of composition. In considering 
this circumstance we are reminded how the Great I^ebula, 
with every increase of optical power and every increase in 
the period of exposure of the photographs, seems to cover 
an ever-widening area, extending, as we now know, so as 
to include several of the bright stars. 

Still one more application of the spectroscopic method 
of measuring movements in the line of sight is found in 
Dun^r's beautiful observations of the limb of the sun. By 
comparison between the approaching edge and the retreat- 
ing edge he has been able to ascertain the velocity of the 
sun's rotation. It is not only interesting to find that 
these results corroborate the determinations already 
familiar by observations of the sun-spots, but the spectro- 
scopic method admits of being applied to zones in the sun 
from which spots are absent. We thus obtain a very 
complete knowledge of the laws of rotation of our 
luminary. Dun^r's measurements confirm the extra- 
ordinary fact that the equatorial regions in the sun 
accomplish a revolution in a shorter time than zones 
which are nearer to his poles. 

The address of course gave some account of the progress 
of the combined effort to produce a great photographic 
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chart of the heavens. About 22,000 photographs will be 
necessary, each covering a space of four degrees* Each 
star is to appear on two plates^ so as to avoid errors, and 
^7 gi^i^g ^^ exposure of rather less than an hour it is 
expected that all stars down to the fourteenth magni- 
tude will be represented. Astronomers well know how 
large a share of credit is due to Sir David Gill in connec- 
tion with this great work. This vast surveying task is only 
one of the pieces of astronomical work in which photo- 
graphing the stars is now employed. In the delicate 
movements of annual parallax it has been proved that 
measurements made on the photographs can compare 
favourably with the finest measurements made on the 
heavens. We are only just beginning to realise the 
benefits from these photographic processes. 

Sir William Huggins referred to the constitution 
of comets and their connection with meteors. Nothing 
is better established than the fact that the periodic 
meteor shower is a swarm of minute bodies revolving 
around the sun in an elliptic orbit, and that in the case 
of some of the greater showers, at all events, the high- 
way pursued by the meteoric shoal is also the high- 
way in which a great comet moves. That there is a 
connection between comets and meteors of this periodic 
class seems therefore unquestionable, though it does not 
seem easy to say what the precise nature of the relation 
may be. It is, however, especially necessary to observe 
the distinction between the ordinary luminous meteors 
and the solid meteorites which occasionally tumble down 
on the earth. It does not seem to be at all clear that 
meteorites have any connection whatever with comets. 
The meteorites do not stand in any ascertained relation 
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to the periodic shooting- star showers. In fact, the only 
common feature which they may be said to possess is that 
they both come into the atmosphere from the outside. 
While, therefore, we must admit that such meteor 
showers as the Leonids are unquestionably connected with 
comets, yet we must distinctly hesitate to affirm that 
meteorites have any known relation to these bodies. On 
this matter Huggins has expressed himself with charac- 
teristic caution, though he acknowledged that there is 
some spectroscopic evidence which might be cited in sup- 
port of the contention that the nucleus of the comet is not 
wholly different from the matter which falls down here as 
meteorites. With reference to the more characteristic 
features of comets, such as the rapid transformations 
which they undergo, and the marvellous tails which they 
shoot forth, the idea seems gradually developing that the 
phenomena are in the main of an electric character. Sir 
W. Huggins suggests that the recent discoveries of the 
electric action of the ultra-violet part of solar light may 
possibly help to explain the highly electrified condition of 
comets. 

It would not be possible in a risuyni of the achieve- 
ments in modern astronomy to omit an account of the 
researches on the constitution of the sun made by the 
late Professor Rowland. He has shown that thirtv-six 
terrestrial elements are certainly indicated in the solar 
spectrum, while eight others are doubtful. Fifteen 
elements have not been found though sought for, and ten 
elements have not yet been compared with the sun's spec- 
trum. Beasons are also <jiven for showing that though 
fifteen elements had no lines corresponding to those in the 
solar spectrum, yet there is but little evidence to show 
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that they are absent from the sun. Sir William Huggins 
epitomises these Very interesting results in the striking 
remark : '« It follows that if the whole earth were heate I 
^o the temperature of the sun, its spectrum would 
resemble very closely the solar spectrum." 

The science of the last century seems destined to be 
famous throughout the ages. To biologists it will be the 
century of natural selection ; to physicists it will be the 
century of the spectroscope. 



CHAPTER v:n. 

THB KEW ASrSONOMY, 

STROXOMBES are at preeent eadea- 

vooring to become fully acquainted 

with the resources of a new tool whicli 

has recently been placed in thetr 

hands. Perhaps it would be rather 

more correct to say that the tool is 

not exactly novel in principle, but that it ia rather the 

development of its capabilities and its application in new 

directions which forms the departure now creating so much 

interest. We have already learned much by its aid, while 

the expectation of further discoveries is so well founded 

that it is doubtful whether at any time since the invention 

of the telescope the prospects of the practical astronomer 

have seemed so bright as they are at this moment. 

In the earlier periods of astronomical research it was 
the movements of the heavenly bodies which specially 
claimed attention, and it was with reference fo these 
movements that the great classical achievements of the 
science have been made. But within the last two or 
three decades the most striking discoveries in observa- 
tional astronomy have been chiefly, though by no means 
exclusively, concerned with the physical constitution of 
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the heavenly bodies. It is the application of the spec- 
troscope by the labours of Sir W. Huggins and others that 
has disclosed to some extent the material elements pre- 
sent in the stars, as well as in comets and the distant 
nebulae. Now, however, it seems as if the spectroscope 
were for the future to be utilised not merely for that 
chemical examination of objects which is in the scope of 
no other method, but also as a means of advancing in a 
particular way our knowledge of the movements of the 
heavenly bodies. The results already obtained are of a 
striking and interesting description, and it is to their 
exposition and development that this article is devoted. 

In the first place, it will be observed that the applica- 
tion of the spectroscope which we are now considering is 
not merely to be regarded as an improvement superseding 
the older methods of determining the movements of stars. 
It is, indeed, not a little remarkable that the type of 
information yielded by the spectroscope is wholly distinct 
from that which the earlier processes were adapted to 
give. The new method of observing movements, and 
that which, for convenience, we may speak of as the 
telescopic method, are not, in fact, competitive contri- 
vances for obtaining the same results. They are rather 
to be regarded as complementary, each being just adapted 
to render the kind of information that the other is incom- 
petent to afford. 

It is well known that the ordinary expression, jvxed 
star, is a misnomer, for almost every star which has been 
observed long enough is seen to be in motion. Indeed, 
it ia not at all likely — nay, it is infinitely improbable, 
that such an object as a really fixed star actually exists. 
When the place of a star has been accurately determined 
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by measurements made with the meridian circle, and 
when, after the lapse of a number of years the place of 
the same star is again determined by observation, it not 
unfrequently happens that the two places disagree. The 
explanation is, of course, that the star has moved in the 
interval. Thus the constellations are becoming gradually 
transformed by the movements of the several stars which 
form them. It is true that the movements are so slow 
that even in thousands of years the changes do not amount 
to much when regarded as a disturbance of the configu- 
ration. Thus, to take an example, we know the move- 
ments of the stars forming the Great Bear sufficiently 
well to be able to sketch the position of the stars as they 
were ten thousands years ago, or as they will be in ten 
thousand years to come, and though, no doubt, some dis- 
tortion from the present lineaments of the Great Bear 
is shown in each of these pictures, yet the identity of the 
group is in each case well preserved. In Fig. 27 we have 
shown the amount of distortion in this constellation which 
would be produced in the course of 36,000 years. 

It is, however, obvious that if a star should happen to 
be darting directly towards the observer or directly from 
him, the telescopic method of determining its movement 
becomes wholly inapplicable. No change in its position 
could be noticed. It is, no doubt, conceivable that if the 
distance of a star from the earth were determined, and if 
the investigation were repeated after a sufficient lapse of 
time, then the differences between the two distances would 
give an indication of the star's movement along the line 
of sight during the interval. But we may say at once 
that such a method of research is wholly impracticable. 
Our knowledge of the star-distances is far too imperfect 
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for the anccessrul application of tbis method. Nor is 
there the slightest prospect of any improvemeBtB in prac- 
tical astronomy which would enable ua to detect move- 
ments of stars in the line of sight in the way suggested. 
Certainly it offers no hope of a method which could 
compare for a moment in simplicity or precision with the 
beautifiil spectroscopic process. Of course if a star were 
moving in the line of sight, there must be a certain 
change in its apparent lustre corresponding to the 
changes in its distance, and it might be supposed that by 
careful measurements of tho brightness of a star con- 



Fig. as.-The Great Bear as it Ib. 

ducted from time to time, conclusions could be drawn as 
to the speed with which it was moving. But the appli- 
cation of such a process id beyond the sphere of available 
methods. It would take at least a thousand years before 
even the most rapidly-moving star would experience a 
change that would sensibly affect its lustre ; and even if 
we liad the means of measuring with precision the light 
emitted, our results would still be affected by the possible 
fluctuations in tbe star's intrinsic brightness. 

It ia thus manifest that the resources of the older astro- 
nomy were quite incapable of meeting the demands of 
aatronomers when it became necessary to learn the move- 
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ments of the Btars towards us or from us, as well as the move- 
ments perpendicular to the line of vision, which had always 
been the subject of much investigation. It is just here that 
the spectroscope comes in to fill the vacant place in the 
equipment of the astronomer. It tells exactly what the 
older methods were unable to tell, and it does so with a 
certainty that suggests vast possibilities for the spectro- 
scopic process in the future. The principle of the method 
is a beautiful illustration of the extent to which the diffe- 
rent branches of physical science are interwoven. But 
the principle has been a familiar one to astronomers for 
many years. It is the facility and success attending its 
recent application that has now aroused so much interest. 
Once it became certain that the undulatory theory of 
light expressed a great truth of nature, a certain deduc- 
tion from that truth became almost obvious. It was, 
however, by no means certain that the practical applica- 
tion of this deduction to astronomical research would be 
feasible. That it has proved to be so in any degree is 
somewhat of a surprise, while it now appears susceptible 
of developments to an extent that could hardly have been 
dreamed of. 

The logic of the new method is simple enough. Our 
eyes are so constituted that when a certain number of 
ethereal vibrations per second are received by the nerves 
of the retina^ the brain interprets the effect to mean that 
a ray of, let us say, red light has entered the eye. A 
certain larger number of vibrations per second is similarly 
understood by the brain to imply the presence of blue 
light on the retina. Each particular hue of the spectrum 
— the red, orange, yellow, green, blue^ indigo, violet — is 
associated with a corresponding number of vibrations per 
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second. It will thus be seen that the interpretation we 
put on any ray of light depends solely, as far as its hue is 
concerned, on the number of vibrations per second pro- 
duced on the retina. Increase that number of vibrations 
in any way, then the hue becomes more bluish ; decrease 
the number of vibrations per second, and the hue shows 
more of the ruddy tinge. 

From these considerations it is apparent that the hue 
of a light as interpreted by the eye will undergo modi- 
fication if the source from which the light radiates is 




Fig. 27.— The Great Bear in 36,000 years. 

moving towards us or moving from us. In order to 
expound the matter simply I shall suppose a case of a 
rather simpler type than any which we actually find in 
nature. Let us suppose the existence of a star emitting 
light of a pure green colour corresponding to a tint near 
the middle of the spectrum. This star pours forth each 
second a certain number of vibrations appropriate to its 
particular colour, and if the star be at rest relatively to 
the eye, then, we assume, the vibrations will be received 
on the retina at the same intervals as those with which 
the star emits them* Consequently we shall perceive the 
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star to be green. But now suppose that the star is hur- 
rying towards us, it follows that the number of vibrations 
received in a second by the eye will undergo an increase. 
For the relative movement is the same as if the earth 
were rushing towards the star. In this case we advance, as 
it were, to meet the waves, and consequently receive them 
at less intervals than if we were to wait for their arrival. 

Many illustrations can be given of the simple 
principle here involved. Suppose that a number of 
soldiers are walking past in single file, and that while 
the observer stands still twenty soldiers a minute pass 
him. But now let him walk in the opposite direction to 
the soldiers, then, if his speed be as great as theirs, he 
will pass forty soldiers a minute instead of twenty. If 
his speed were half that of the soldiers, then he would 
pass thirty a minute, so that in fact the speed with which 
the observer is moving could be determined if he counts 
the number of soldiers that he passes per minute, and 
makes a simple calculation. On the other hand, suppose 
that the observer walks in the same direction as the 
soldiers; if he maintains the same pace that they do, 
then it is plain that no soldiers at all will pass him while 
he walks. If he moves at half their rate, then ten 
soldiers will pass him each minute. From these con- 
siderations it will be sufficiently apparent that if the 
earth and the star are approaching each other, more 
waves of light per second will be received on the retina 
than if their positions are relatively stationary. But the 
interpretation which the brain will put on this accession 
to the number of waves per second is that the hue of the 
light is altered to some shade nearer the blue end of the 
spaetrum^ In f act^ if we could conceive the velocity with 
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which the bodies approached to be sufficiently augmented, 
the colour of the star would seem to change from green 
to blue, from blue to indigo, from indigo to violet ; while, 
if the pace were still further increased, it is absolutely 
certain that the waves would be poured upon the retina 
with such rapidity that no nerves there present would be 
oompetent to deal with them, and the star would actually 
disappear from vision. It may, however, be remarked 
that the velocity required to produce such a condition as 
we have supposed is altogether in excess of any known 
velocities in the celestial movements. The actual changes 
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in hue that the movements we meet with are competent 
to efEeot are much smaller than in the case given as an 
illnstration. 

On the other hand, we may consider the original green 
star and the earth to be moving apart from each other. 
The effect of this is that the number of waves poured into 
the eye is lessened, and accordingly the brain interprets 
this to imply that the hue of the star has shifted from the 
green to the red end of the spectrum. If the speed with 
which the bodies increase their distance be sufficiently 
large, the green may transform into a yellow, the yellow 
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this kind which rendered Algol a star of questionable 
import to the ancient students of the heavens. It was 
accordingly known as the Demon Star, for this is the 
equivalent of the name by which we now know it. As to 
the peculiarities of Algol which have given it notoriety, 
these are very simply described. For two days and ten 
hours the star remains of uniform lustre, being ranked 
about the second magnitude ; then a decline of brightness 
sets in, and the star in a few hours parts with three-fifths 
of its brightness. At the lowest point it remains for 
about twenty minutes, and then the brilliancy commences 
to increase, so that in a few hours more Algol has re- 
sumed its original character. The entire period required 
for the decline and the rise is about ten hours, and the 
whole cycle of the changes has been determined with 
much accuracy, and is at present 2 days, 20 hours, 48 
minutes, 52 seconds. The length of the period seems to 
undergo some trifling fluctuations of a few seconds, but 
on the whole the uniformity of the movement is a striking 
part of the phenomenon. Considering that these changes 
can be observed without any telescope, it is not surprising 
that they have been known for centuries. Indeed, it 
fortunately happens that there is a smaller star near 
Algol which serves as a convenient standard of com- 
parison. Under ordinary circumstances Algol is much 
brighter than its neighbour, but when it sinks to its 
lowest point the two stars have almost equal lustre. It 
is only within the last year or two that the mystery of 
the variability of Algol has been at last revealed and the 
phenomenon of the Demon Star has received its true 
interpretation. 

It had been suggested long ago that the loss of light 
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inight be due to ao eclipse of the brilliant star by some 
dark companion i evolving about it ; indeed, this theory 
seemed to hold the field, inasmuch as its only rival was 
one which supposed -Algol to be a rotating body darker 
on one side than the other. This, however, was easily 
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Fig. 29.— Orbit of the Companion of Algol. 

shown to be incompatible with the observed facts as to 
the manner in which the light waxed and waned in a 
single cycle of change. It was, however, impossible to 
subject the eclipse theory to any decisive test until astro- 
nomers were provided with the means of measuring the 
velocity of approach or retreat along the line of sight. 
The existence of the dark companion was therefore almost 
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destitute of support from observations until Yogel made 
his wonderful discovery. 

Applying the improved spectrographic process to Algol, 
he determined on one night that Algol was retreating from 
the earth at a speed of twenty-six miles a second. This in 
itself is a striking fact, but of course the velocity is not an 
exceptionally large one for celestial movements. We know 
of one star at least which moves half a dozen times as fast. 
"When, however, Vogel came to repeat his observations he 
found that Algol was again moving with the same velo- 
city, but this time the movement was towards the earth 
instead of from it. Here was indeed a singular circum- 
stance demanding the careful examination which it 
speedily received. It appeared that the movements of Algol 
to and fro were strictly periodic, that is to say, for one day 
and ten hours the star is moving towards us, and then for 
a like time it moves from us, the maximum speed in each 
advance or retreat being that which we have mentioned, 
namely twenty- six miles a second. The interest awakened 
by this discovery culminates when it appears that this 
movement to and fro is directly associated in a remarkable 
manner with the variation of Algol's lustre. It is invari- 
ably found that every time the movement of retreat is con- 
cluded, the star loses its brilliance, and regains it again 
at the commencement of the return movement. It is thus 
plain that the changes in brilliance of the star bear an 
important relation to the periodic movement. Here was 
an important step taken. 

For the next advance in this remarkable investiga- 
tion we have to depend, not on our instruments, but 
on the laws of mechanics. We have spoken of Algol 
as moving to and fro, but it is necessary to observe 
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that it is impossible for a star to run along a straight 
line for a certain distance, stop, turn back, again 
retrace its movement, stop, and again return. Such move- 
ment is simplj forbidden by the laws of motion. We 
can, howerer, easily ascertain that there is a type of 
motion possible for Algol which shall be compatible witli 
the results of the spectroscopic research and also be per- 
mitted by the laws of motion. There is no objection to 
the supposition that Algol is moving in a path which is 
nearly, if not exactly, a circle. In this case it would only 
be moving as does the moon, or the earth, or any of the 
other planets. It will be only necessary to suppose that 
the plane of the orbit of Algol is directed neaiiy edgewise 
towards us. During the description of one semicircle 
Algol will be coming towards us, while, during the other 
semicircle it will be going from us, and thus the observed 
facts of the movement are reconciled with the laws of 
motion. Of course, this involves a certain periodic shift 
in the position of Algol in the heavens. It must, for 
instance, when moving most rapidly from us be at a dis- 
tance equal to the diameter of the circle from the position 
which it has when moving most rapidly towards us. 
This is true, but the extent of the shift of place is far too 
small to be visible to our instruments. In fact, it can be 
shown that the visual size of the circle in which Algol 
revolves could hardly be larger than is that which the rim 
of a three-penny bit would appear to have if viewed from a 
situation five hundred miles away. It is one of the extra- 
ordinary characteristics of the spectroscopic method that 
it renders such an orbital movement perceptible. 

The fact that Algol revolves in an orbit having been 
thus demonstrated, we can again call in the assistance of 
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the laws of dynamics to carry us a step further. Such a 
movement is possible on one condition and only one, and 
that is that there is an attracting body in the neighbour- 
hood around which Algol revolyes. Of course the student 
of mechanics knows that each of the bodies revolves around 
the common centre of gravity. The essential point to 
be noticed is that the spectroscopic evidence admits of no 
other interpretation save that there must be another 
mighty body in the immediate vicinity of Algol. We 
had already seen reason to believe in the possibility of the 
presence of such a companion for the Demon Star, simply 
from the fact of its variability. There cannot be any 
longer a doubt that the mystery has been solved. Algol 
must be attended by a companion star, which, if not abso- 
lutely as devoid of intrinsic light as the earth or the 
moon, is nevertheless dark relatively to Algol. Once in 
each period of revolution this obscure body intrudes itself 
between the earth and Algol, cutting oS a portion of the 
direct light from the star and thus producing the well- 
known effect. Here we have such a remarkable concur- 
rence between the facts of observation and the laws of 
dynamics that it is impossible to doubt the explanation 
they provide of the variability of this famous star. 

There is, however, a further point in which the facts 
can be made to yield information of even a more striking 
character, inasmuch as it is unique of its kind. It is, 
of course, well known that stars in general show no 
appreciable discs, even in our best telescopes. Tn fact the 
better the instrument the smaller does the stellar point 
appear. This is, of course, due to the distance at which 
the stars are situated. It would be easy to show that if 
the sun were to be viewed by an observer placed on the 



tiearest of the stars the apparent magnitudd of its disc 
would be no greater than an eagle would seem if soaring 
overhead at an alticude three times as great as the dis- 
tance of New Zealand beneath our feet. Of course, no 
instrument whatever would render the dimensions of such 
an object perceptible, though such is the delicacy of the 
sense of perception of light that the eye may be able to 
detect the radiation from a self-luminous object which is 
itself too small to form an image of recognisable dimen- 
sions on the retina. The stars, of course, are suns often 
comparable with, and often far exceeding, our own sun 
in lustre and dimensions, but their distance is far too 
large to enable us to measure their diameters by the ordi- 
nary processes of the observatory. Even if the stars were 
brought towards the earth so that their distances were 
reduced to a tenth of what they are at this moment, it 
does not seem at all likely that any one of them would be 
even then seen clearly enough to enable us to perceive its 
diameter. 

This statement becomes the more significant when 
it is borne in mind that there are several cases in which, 
though we are not able to measure the dimensions 
of stars, yet we are able to weigh them. If the period of 
revolution of a binary star has been determined, and if 
the distance of the pair from the sun is also known, we 
then have sufficient data to enable us to compare the mass 
of the binary system with that of the sun. It will there- 
fore be understood that the first observations which 
declare the actual dimensions of a star merit the utmost 
attention. They constitute a distinct and important 
departure in our knowledge of the universe. It is surely 
a noteworthy epoch in the history of astronomy when, for 



t96 /Ar tHk tilGk H^AVkM. 

the first time, we are able to apply the celestial callipers 
to gauge the diameter of a star. So far as suryeying and 
measuring goes, this is the most significant piece of work 
in sidereal astronomy since the epoch, half a century ago, 
when the determination of a stellar distance first emerged 
from the mistiness of mere guess-work and took a respect- 
able position among the solved problems of astronomy. 
Nor is our gratification at the result of Yogel's striking 
work lessened by the fact of its unexpectedue^s. Who 
would have predicted some few years ago that the spec- 
troscope was to be the instrument to which we should be 
indebted for the means of putting a measuring tape round 
the girth of a star P The process and the results are alike 
full of interest and are of happy augury for the future. 

To explain exactly how it is possible to. deduce a 
presumable value for the diameter of Algol would lead 
into some technicalities that need not be here men- 
tioned. But the principle of the method is so plain that 
it would be unfitting to leave it without some attempt 
at exposition. We are first to notice that Algol, at the 
moment of its greatest eclipse, has lost about three-fifths 
of its light : it therefore follows that the dark satellite 
must have covered three-fifths of the bright surface. It 
is also to be noticed that the period of maximum obscura- 
tion is about twenty minutes, and that we know the velo- . 
dty of the bright star, which along with the period of 
revolution gives the magnitude of ks orbit. These facts, 
added to our knowledge that ten hours is required for the 
brilliancy to sink from and regain its original lustre, enable 
the sizes of the two globes to be found. There is only one 
element of uncertainty in the matter. We have assumed 
that the densities of the two bodies are the same. Of 



Course, tKis inay not be the case, and if it should prove to 
be unfounded, then some modification will have to be made 
in the numerical elements now provisionally assigned. 
There can, however, be little doubt that so far as the sub- 
stantial features of the Algol system are concerned, the 
elements given by Vogel may be accepted. 

Let us endeavour to form a conception of what Algol and 
its companion are like. It is worth making the attempt, 
because, as we have already said, Algol is the first star 
among " yonder hundred million spheres " of which the 
dimensions are approximately known. First we are to 
think of Algol itself. It is indeed a vast object, a glow- 
ing globe, a veritable sun, much larger than our own. 
The diameter of the sun would have to be increased by 
almost 200,000 miles to make it as great as that of Algol. 
But we may exhibit the relative proportions of the two 
bodies in a somewhat different manner. Imagine two 
globes, each as large as our sun ; let those two be rolled 
into one, and we have a globe of the splendid proportions 
of Algol. But now for a singular circumstance which 
indicates the variety of types of sun which the heavens 
offer to our study. Though Algol is twice as big as the 
sun it is not twice as heavy. It is indeed an extraordi- 
nary circumstance that, notwithstanding the vast bulk of 
Algol, its weight is only about half that of the sun. The 
sun itself has a density about a fourth that of the earth, 
or but little more than the density of water, yet Algol 
has a density which is much less than that of water ; in 
fact, this globe is apparently not much heavier than if it 
were made of cork. We are, of oourse, speaking of the 
average density of the star. No doubt its central per-- 
tions must be dense enough, but it is impossible to resist 



the conclusions that the greater part of Algol must be 
composed of matter in a gaseous state. Of course, such a 
state of things is already known to exist in many celestial 
bodies. The figures that have been arrived at must be 
regarded as subject to a possible correction, but it is dif- 
ficult to repress all feelings of enthusiasm at a moment 
when, for the first time, so startling an extension has 
been given to our knowledge of the universe. 

And now, as to the dark companion of Algol. Here is 
an object which we never have seen, and apparently never 
can expect to see, but yet we have been able not only to 
weigh it and to measure it, but also to determine its 
movements. It appears that the companion of Algol is 
about the same size as our sun, but has a mass only one- 
fourth as great. This indicates the existence of a globe 
of matter which must be largely in the gaseous state, but 
which, nevertheless, seems to be devoid of intrinsic lumi- 
nosity. We may compare this body with the planet Sa- 
turn ; of course, the latter is not nearly so large as the 
companion to Algol, but the two globes seem to agree 
fairly well as to density. As to the character of the 
movements of the dark companion of Algol, we can learn 
little, except what the laws of dynamics may teach ; but 
the information thus acquired is founded on such well 
understood principles that it leaves us in no uncertainty. 

It would be a natural assumption that the law of gravi- 
tation is obeyed and must be obeyed in the stellar systems. 
It would, indeed, be surprising if that law which regu- 
lates the movements of the bodies in the solar system 
should not be found Jko prevail in the sidereal systems 
also. Everything would justify us in the anticipation 
that this is so. Have we not learned to a large extent 
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the actual nature of the elementary bodies which enter into 
the composition of stars P We find that the elementary 
bodies in these other snns are in the main identical with 
those which exist in our own sun and in the earth itself. 
If iron attracts iron by the law of gravitation in the solar 
system, why should not iron attract iron in the sidereal 
systems as wellP But we are not dependent solely on 
this presumption for our knowledge of the important fact 
that the law of gravitation is not confined to the solar 
system. The movements of binary stars have been studied, 
and it has been invariably found that the phenomena ob- 
served are compatible with the supposition that the law 
of gravitation prevails throughout the universe. 

It would not, however, be correct to assert, as has been 
sometimes done, that the facts of the binary systems 
actually prove that gravitation is the all*compelling force 
there as here. The circumstances do not warrant us in 
expressing the matter quite so forcibly. The binary stars 
are so remote that the observations which we are enabled 
to make are wanting in the almost mathematical precision 
which we can give to such work when applied to the bodies 
of our own system. It is quite possible for mathematical 
ingenuity to devise a wholly arbitrary and imaginary 
system of force, which might explain the facts of binary 
stars, as far as we are able to observe them, on quite 
another hypothesis than the simple law that the attraction 
between two particles varies with the inverse square of the 
distance. No one, however, will be likely to doubt that 
it is the law of gravitation, pure and simple, which pre- 
vails in the celestial spaces, and consequently we are able 
to make use of it to explain the circumstances attending 
the movement of Algol's dark companion. 
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This body is the smaller of the two, and the speed with 
which it moves is double as great as that of Algol, so that 
it travels over as many miles in a second as an express 
train can get over in an hour. It revolves with apparent 
uniformity in an orbit which must be approximately 
circular, and it completes its journey in the brief period 
given above, which indicates the time of variability. So 
far the movements of Algol and its companion are not 
very dissimilar to movements in the solar system with 
which we are already familiar ; but there is one point in 
which the Algol system presents features wholly without 
parallel in the planetary movements. It is that the two 
bodies are so very close together. I do not, of course, 
mean that they seem close by ordinary standards — for is 
not their distance always some three million miles P This 
is, however, an unusually short distance when compared 
with the dimensions of the two globes themselves. The 
dimensions of the system may be appreciated by the 
simple illustration of taking a shilling and a sixpence and 
placing them so that the distance from rim to rim is two 
inches. The smaller coin will represent the dark satellite 
and the larger one Algol, fairly correct as to position and 
dimensions. Viewed in this way it is evident that the 
dimensions of the globes bear a monstrous proportion to 
their distance apart when compared with the more 
familiar planets and satellites of our system. The tides in 
such a case must be of a magnitude and importance of 
which we have no conception frx)m our experiences of such 
agencies here. 

We have dwelt thus long on the subject of Algol 
because it was fitting to give due emphasis to the re- 
markable Mtension of our knowledge of the uaiYersQ 






THE NEW ASTRONOMY, 19 f 

whicli took place when, for the first time, we became able 
to measure the size of a star. 

It is well known that the most difficult test- objects on 
which a telescope can be directed are some of those double 
stars of which the components have a suitable distance. 
If the two stars be so close together that they subtend at 
our system an angle not more than a few tenths of a 
second, then the telescopic separation of the two com- 
ponents is a feat to tax the powers of the most perfect 
instrument, and the eye of the most accomplished 
observer. It may, however, happen that there are double 
stars of which the components are much closer than this. 
In such a case there is not the slightest possibility of our 
being able to effect a visual decomposition of the pair into 
its components. The spectroscopic process has, however, 
placed at our disposal a striking method for detecting the 
existence of double stars, the components of which are so 
close that even if they were hundreds of times farther 
apart than they actually are they would still fall short of 
the necessary distance at which they must be situated 
before they can be separated telescopioally. Indeed, we 
have here obtained an accession to our power so remark- 
able that we have not yet been able even to feel the limits 
within which its application must be confined. 

As an illustration of this process I shall take a star which 
is probably as famous as Algol itself. It is Mizar, the 
middle star of the three which form the tail of the Great 
Bear (Fig. 27). Mizar has in its vicinity the small star 
Alcor, which is so easily seen as to make it hard for us to 
realise the significance of the proverb, ''He can see 
Alcor." It is, however, possible that the lustre of Alcor 
may hc»ve waxed greater since ancient times. The rela- 
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tionship between Mizar and Alcor is closer than might be 
inferred from the mere fact of their contiguity on the 
sky. Their proximity is not an accident of situation^ as 
is the case in some other instances when two stars happen 
to lie in nearly the same line of vision. The association 
of Alcor and Mizar is rendered highly probable from the 
fact that they move together in parallel directions and the 
same velocity. But this is the least of the circumstances 
that gives Mizar its interest. The star itself is a double 
of the easiest type^ and is at the same time of striking 
interest and beauty. Every possessor of a telescope, large 
or small, knows Mizar to be one of the most suitable 
objects wherewith to delight the friends that visit his 
observatory, by a glimpse at a double star which is both 
easy to discern and remarkable in character. This is the 
second noteworthy point about Mizar ; but now for the 
third and last, which is by far the most interesting of all^ 
and has only lately been ascertained by a discovery which 
will take its place in the history of astronomy as the 
inauguration of a new process in the study of things 
sidereal. 

Professor Pickering has, as is well known, been ex- 
tremely successful in obtaining photographs of the spectra 
of the stars. Sufficient means having been placed at his 
disposal by Mrs. Draper, he has applied himself with 
remarkable results to the compilation of the Henry 
Draper MemoriaL The photographs of the spectra of 
the stars that he has thus obtained exhibit a fulness of 
detail that some years ago could hardly have been ex- 
pected even in photographs of the solar spectrum itself. 
Among the stars subjected to his camera was Mizar, and 
the photographs of the spectrum of its principal com- 
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ponent exhibit^ as other stellar spectra do, a profusion 
of dark lines. These photographs being repeated at 
different dates, it was natural to compare them, and it 
was noticed that the lines sometimes appeared double 
and sometimes single. So striking a circumstance, of 
course, demanded closer investigation, and presently it 
appeared that this opening and closing of the lines was a 
periodical phenomenon. The interval between one maxi- 
mum opening of the lines and the next was fifty-two 
days. If the star were a single object, then this pheno- 
menon would be inexplicable. It was plain that the 
object could not be a single star ; it must consist of a pair 
extremely close together, and in rapid revolution. The 
doubling of the lines will then be readily intelligible. 
When one of the components is moving towards us while 
the other is moving from us, all the lines belonging to 
one system are shifted one way, and all those belonging 
to the other system are shifted the other way, the effect 
on the spectrum being that the lines appear doubled. 
When the stars are moving perpendicularly to the line of 
sight, then their relative velocities towards the earth are 
equal, and the lines close up again. We thus at once 
learn the period of the revolution of the two components. 
The lines must open out twice in each circuit, and con- 
sequently we have as the first instalment of the nume- 
rical facts of the system that the period of its revolution 
is a hundred and four days. 

It is, however, a peculiarity of the spectroscopic process 
that it provides us with a wealth of information on the sub- 
ject. The amount by which the lines open when they 
separate admits of accurate measurement, and as this de- 
pends on the velocities, it follows that' we obtain a deter- 
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mination of these velocities. It thus appears that the speed 
with which each of the component stars moves is about fifty 
miles a second. As, therefore, we know the pace at which 
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Fig. 30.— The System of Mizar. 



the stars are moving, and the time they need for the journey, 
we know how large their path is, and thus we infer that 
the distance of the components is, speaking roundly, 
about one hundred and fifty millions of miles. But now, 
we are enabled to draw a remarkable inference. We 
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know the size of the orbits, and we know the time in 
which the revolutions are accomplished. It is the mathe- 
matician who enables the mass of the bodies to be deter- 
minedy and the result is not a little astonishing. It tells us 
that the mass of the two component stars which form the 
primary of Mizar is not less than forty times as great as the 
mass of the sun. He^re is indeed a result equally striking 
on account of the method by which it is obtained and of 
the startling character of the conception to which it leads. 

Remember that in all this the distance of the star from 
the earth is not concerned, for the results at which we 
have arrived are absolutely independent of the distance 
at which the star may happen to be placed. We already 
knew the masses of some few binary stars by the applica- 
tion of the older process, but in all such cases it was 
necessary that we should have a previous knowledge of 
the star's distance. This is always a precarious element, 
and in the majority of oases it is wholly out of our power 
to discover it. Now, however, we are entitled to expect 
large additions to our knowledge of the stars, their masses, 
and their movements, notwithstanding the fact that the 
distances may be too vast to be appreciated by any means 
at our disposal. 

The instances that have been given will suffice to show 
the versatility of the new method. It is the allianceof 
photography with spectroscopy that makes the present 
time so full of promise. Already the orbits of 150 Stars 
have been determined by the beautiful spectroscopic 
process. 



CHAPTER IX. 

IHE BOUNDARIES OF ASTROKOHY. 

T is proposed in the following 

chapter to trace some parts of 

the boundary line which 

divides the truths that have 

been established in astronomy 

from those parts o£ the science 

which must be regarded as 

more or less hypothetical. We intend therefore to select 

certain prominent qnestions, and to discuss those questions 

with such fulness as the circumstances will admit. 

It is desirable to commence with that great doctrine 
in astronomy which is often regarded as almost uni- 
versally established. The doctrine to which we refer 
is known as the law of universal gravitation. It is 
customary to enunciate this law in the proposition that 
every particle of matter attracts every other particle with 
a force which varies directly as the product of the masses 
and inversely as the square of their distance. It is no 
doubt convenient to enunciate the great law in this veiy 
simple manner. It might seem awkward to have to 
specify all the qualifications which would be necessary 
if that enunciation is to assert no more than what we 
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absolutely know. Perhaps many people belieye, or think 
they believe, the law to be true in its general form ; yet 
the assertion that the law of gravitation is univermlly true 
is an enormous, indeed, an infinite, exaggeration of the 
actual extent of our information. 

To make this clear, let us contrast the law of gravitation 
as generally stated with the proposition which asserts that 
the earth rotates on its axis. No one who is capable of 
understanding the evidence on the question can doubt 
that the earth really does rotate upon its axis. I pur- 
posely set aside any difBculties of a quasi-metaphysical 
character, and speak merely of words in their ordinary 
acceptation. In stating that the earth rotates upon its 
axis we assert merely a definite proposition as regards one 
body, all the facts which the assertion involves are present 
to our minds, and we know that the assertion must be true. 
Equally conclusive is the evidence for the statement that 
the earth revolves around the sun. Concrete truths of 
this kind could be multiplied indefinitely. We can make 
similar assertions with regard to the planets. We can 
assert that the planets rotate upon their axes, and that the 
planets revolve around the sun. But the law of gravita- 
tion is a proposition of quite a different nature. Let us 
examine briefly the evidence by which this law has been 
established. 

The science of dynamics is founded upon certain 
principles known as the laws of motion. The simplest of 
these principles asserts that a body once set moving in a 
straight line will continue to move on uniformly for ever 
in the same straight line, unless some force be permitted 
to act upon that body. For nature as we know it, this 
law seems to be fully proved. It has been tested in every 
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way that we have been able to devise. All these tests 
have tended to confirm that law. The law is therefore 
believed to be true, at all events throughout the regions of 
space accessible to us and to our telescopes. 

Assuming this law and the other principles analogous 
to ity we can apply them to the case of the revolution of 
the earth around the sun. As the earth is not moving in 
a straight line, it must be acted upon by some force. It 
can be shown that this force must be directed towards the 
sun. It will farther appear that the intensity of this force 
will vary inversely as the square of the distance between 
the earth and the sun. The movements of the planets 
can be made to yield the same conclusions. All these 
movements can be accounted for on the supposition that 
each planet is attracted by the sun with a force which 
varies directly as the product of the masses, and inversely 
as the square of the distance between the two bodies. 
When more careful observations are introduced it is seen 
that the planets exhibit some slight deviations from the 
movements which they would have were each planet only 
acted upon by the attraction of the sun. These deviations 
do not invalidate the principle of attraction. They have 
been shown to arise from the mutual attractions of the 
planets themselves. Each of the planets is thus seen to 
attract each of the other planets. The intensity of this 
attraction between any pair of the planets is proportional 
to the masses of these planets and varies inversely as the 
square of the distance between them. We may use 
similar language with regard to the satellites by which so 
many of the planets are attended. £ach satellite revolves 
around its primary. The movements of each satellite 
are mainly due to the preponderating attraction of the 
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primary. IrregularitieB in the movements of the satel- 
lites are well known to astronomers, but these irregu- 
larities can be accounted for by the attraction of other 
bodies of the system. 

The law of attraction thus seems to prevail among 
the small bodies of the system as well as among the 
large bodies. It is true that there are still a few out- 
standing discrepancies which cannot yet be said to have 
been completely accounted for by the principle of gravi- 
tation. This is probably due to the difficulties of the 
subject. The calculations which are involved are among 
the most difficult on which the mind of man has ever 
been engaged. We may practically assume that the 
law of gravitation is universal between the sun, the 
planets, and the satellites ; and we may suppose that the 
few difficulties still outstanding will be finally cleared 
away, as has been the case with so many other seeming 
discrepancies. 

But even when these admissions have been made, are 
we in a position to assert that the law of gravitation is 
universal throughout the solar system P We are here 
confronted with a very celebrated difficulty. Do those 
erratic objects known as comets acknowledge the law of 
gravitation P There can be no doubt that in one sense 
the comets do obey the law of gravitation in a most signal 
and emphatic manner. A comet usually moves in an 
orbit of very great eccentricity ; and it is one of the most 
remarkable triumphs of Newton's discovery, that we were 
by its means able to render account of how the movements 
of a comet could be produced by the attraction of the sun. 
As a whole, the comet is very amenable to gravitation, 
but what are we to say as to the tails of comets, which 
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certainly do not appear to follow the law of uniTorsal 
gravitation P The tails of comets, so far from being 
attracted towards the sun, seem actually to be repelled 
from the sun. Nor is eyen this an adequate statement of 
the case. The repulsive force by which the tails of the 
comets are driven from the sun is sometimes a very much 
more intense force than the attraction of gravitation. 

I have no intention to discuss here the vexed question 
as to the origin of the tails of comets. I do not now 
inquire whether the repulsion by which the tail is pro- 
duced be due to the intense radiation from the sun, or to 
electricity, or to some other agent. It is sufficient for our 
present purpose to note that, even if the tails of comets do 
gravitate towards the sun, the attraction is obscured by a 
more powerful repulsive force. 

The solar system is a very small object when viewed in 
comparison with the dimensions of the sidereal system. 
The planets form a group nestled up closely around the 
sun. This little group is separated from its nearest visible 
neighbours in space by the most appalling distances. A 
vessel in the middle of the Atlantic Ocean is not more 
completely isolated from the shores of Europe and America 
than is our solar system from the stars and other bodies 
which surround it in space. Our knowledge of gravita- 
tion has been almost entirely obtained from the study of 
the bodies in the solar system. Let us inquire what can 
be ascertained as to the existence of this law in other parts 
of the universe* Newton knew nothing of the existence 
of the law of gravitation beyond the confines of the solar 
system. A Httle more is known now. 

Our actual knowledge of the existence of gravitation in 
^9 celestial spaces outside ' the splar system dependa 
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exclusively upon those interesting objects known as binary 
stars. There are in the heavens many cases of two stars 
occurring quite close together. A well-known instance is 
presented in the star Epsilon LyrsB, where two pairs of 
stars are such near neighbours that it is a fair test of good 
vision to be able to separate them. But there are many 
cases in which the two stars are so close together that they 
cannot be seen separately without the aid of a telescope. 
We may take, for instance, the very celebrated double 
star Castor, well known as one of the Twins. Viewed by 
the unaided eye, the two stars look like a single star, but 
in a moderately good telescope it is seen that the object 
is really two separate stars quite close together. The 
question now comes as to whether the propinquity of the 
two stars is apparent or real. It might be explained by 
the supposition that the two stars are indeed close toge- 
ther compared with the distance by which they are sepa- 
rated from us ; or it could be equally explained by suppos- 
ing that the two stars, though really far apart, yet appear 
so nearly in the same line of vision that when projected 
on the surface of the heavens they seem close together. 
It cannot be doubted that in the case of many of the 
double stars, especially those in which the components 
appear tolerably distinct, the propinquity is only apparent, 
and arises from the two stars being near the same line of 
vision. But it is, also, undoubtedly true that in the case 
of very many of the double stars, especially among those 
belonging to the class which includes Castor, the two 
stars are really at about the same distance from us, and, 
therefore, as compared with that distance, they are really 
close together. 
Among the splendid achievements of Sir W. Hersqhel, 
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one of the greatest was his discovery of the movements of 
the binary stars. It was shown by Herschel that in some 
of the double stars one star of the pair was moving around 
the other, and that their apparent distances were changing. 
The discoveries inaugurated by Herschel have been widely 
extended by other astronomers. One of the more rapidly 
moving of the double stars lies in the constellation of 
Coma Berenices. The revolution of one component around 
the other requires a period of 25*7 years. The two bodies 
forming this composite star are very close together, the 
greatest distance being about one second of arc. There is 
very great difficulty in making accurate measurements of 
a double star of which the components are so close. More 
reliance may consequently be placed upon the deter- 
mination of the orbits of other binary stars of which the 
components are further apart. Among these we may 
mention a remarkable binary star in UrsfiB Majoris. 
The distance between the two components of this star 
varies from one second of arc to three seconds. The first 
recorded measurement of this object was by Sir W. Her- 
schel in 1781, and since that date it has been repeatedly 
observed. From a comparison of all the measurements 
which have been made it appears that the periodic time of 
the revolution of one of these components around the other 
is about sixty years. This star has thus been followed 
through more than one entire revolution. 

The importance of these discoveries became manifest 
wheh an attempt was made to explain the movements. It 
was soon shown that the movements of the stars were such 
as could be explained if the two stars attracted each other 
in conformity with the law of gravitation. It would, how- 
ever, be hardly correct to assert that the dibcovery of the 
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binary stars proved that the two stars attracted each other 
with a force which varies inversely as the square of their 
distance. Even under the most favourable circumstances 
the observations are very difficult ; they cannot be made 
with the same accuracy as is attained in observing the 
movements of the planets ; they have not even the value 
which antiquity will often confer on an observation which 
has not much else in its favour. There are probably 
many different suppositions which would explain all that 
has yet been observed as to the motions of the binary 
stars. Gravitation is but one of those suppositions. Gravi- 
tation will no doubt carry with it the prestige acquired 
by its success in explaining phenomena in the solar 
system. I do not know that any one has ever seriously 
put forward any other explanation except gravitation to 
account for the movements of the binary stars, nor is any 
one likely to do so while gravitation can continue to 
render an account of the observed facts ; but all this is 
very different from saying that the discovery of the binary 
stars has proved that the law of gravitation extends to the 
stellar regions. 

Except for what the binary stars tell us, we should know 
nothing as to the existence or the non-existence of the 
law of gravitation beyond the confines of the solar system. 
Does Sirius, for instance, attract the pole starP We really 
do not know. Nor can we ever expect to know. If Sirius 
and the pole star do attract each other, and if the law of 
their attraction be the same as the law of attraction in 
the solar system, it will then be easy to show that the 
effect of this attraction is so minute that it would be 
entirely outside the range of our instruments even to 
detect it. Observation in such a matter is hopeless. If 
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we cannot detect any attraction between a star in one 
constellation and a star in another, no more can we detect 
any attraction between our sun and the stars. Such 
attractions may exist, or they may not exist : we have no 
means of knowing. Should any one assert that there is 
absolutely no gravitation between two bodies more than a 
billion miles apart there are no facts by which he can be 
contradicted. 

If we know so little about the existence of gravitation 
in the space accessible to our telescopes, what are we to 
say of those distant regions of space to which our view 
can never penetrate P Let a vast sphere be described of 
such mighty dimensions that it embraces not only all the 
objects visible to the unaided eye, not only all the objects 
visible in our most powerful telescopes, but even every 
object that the most fertile imagination can conceive, 
what relation must this stupendous sphere bear to the 
whole of space? The mighty sphere can only be an 
infinitely small part of space. Are we then entitled to 
assert that every particle in the universe attracts every 
other particle with a force which is proportional to the 
product of their masses, and which varies inversely as the 
square of their distance P We have, indeed, but a slender 
basis of fact on which to rest a proposition so universal. 
Let us attempt to enunciate the law of gravitation so as 
to commit ourselves to no assertion not absolutely proved. 
The statement would then run somewhat as follows : — 

Of the whole contents of space we know nothing except 
within that infinitely small region which contains the 
bodies visible in our telescopes. Kor can we assert that 
gravitation pervades the entire of even this infinitely 
small region. It is true that in one very minute part 
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of this infinitely small region the law of gravitation 
appears to reign supreme. This minute part is of course 
the solar system. There are al^o a few binary stars in 
this infinitely small region whose movements would admit 
of being explained by gravitation, though as yet they can 
hardly be held absolutely to prove its existence. 

It must then be admitted that when the law of gravita- 
tion is spoken of as being universal, we are using language 
infinitely more general than the facts absolutely warrant. 
At the present moment we only know that gravitation 
exists to a very small extent in a certain indefinitely 
small portion of space. Our knowledge would have to 
be enormously increased before we could assert that gravi- 
tation was in operation throughout this very limited 
region; and even when we have proved this, we should 
only have made an infinitesimal advance to a proof that 
gravitation is absolutely universal. 

I do not for a moment assert that our ordinary state- 
ment of the law of gravitation is untrue. I merely say 
that it has not been proved, and we may also add that it 
does not seem as if it ever could be proved. Most people 
who have considered the matter will probably believe that 
gravitation is universal. Nor is this belief unnatural. 
If we set aside comets' tails, and perhaps one or two other 
slightly doubtful matters, we may assert that we always 
find the law of gravitation to be true whenever we have 
an opportunity of testing it. These opportunities are very 
limited, so that we have but very slender supports for 
the induction that gravitation is universal. But it must 
be admitted that an hypothesis which has practically 
borne every test that can be applied has very strong 
grounds for our acceptance : such, then, are the claims of 
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the law of gravitation to be admitted to a place among 
the laws of Nature. 

The series of spectroscopic researches by which Sir 
William Hnggins has so vastly extended our knowledge 
should be referred to. Sir William Huggins has shown 
that many of the substances most abundant on earth are 
widely spread through the universe. Take^ for instance, 
the metal iron and the gas hydrogen. We can detect the 
existence of these elements in objects enormously distant 
Both iron and hydrogen exist in many stars, and hydrogen 
has been shown, in aU probabUity, to be an important 
constituent of the nebulaB. That the rest of the sidereal 
system should thus be composed of materials known to be 
to a large extent identical with the materials in the solar 
system is a presumption in favour of the universality of 
gravitation. 

In what has hitherto been said, we have attempted to 
give an outline of the facts so far as they are certainly 
known to us. Into mere speculations we have no desire 
to enter. We may, however, sketch out a brief chapter 
in modem sidereal astronomy, which seems to throw a ray 
of light into the constituents of the vast abyss of space 
which lies beyond the range of our telescopes. The ray 
of light is no doubt but a feeble one, but we must take 
whatever information we can obtain, even though it may 
fall far short of that which an intellectual curiosity will 
desire. The question now before us may be simply stated. 
Are we entitled to suppose that the part of the universe 
accessible to our telescopes is fairly typical of the other 
parts of the universe, or are we to believe that the system 
we know is altogether exceptional ; that there are stars in 
other parts quite unlike our stars, composed of different 
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materials, acted upon by dififerent laws, of which we have 
no conception P The presumption is that the materials 
of which our system is composed are representatiye of the 
materials elsewhere. This presumption is strengthened 
by the very important considerations now to be adduced. 
In the first place, let us distinctly understand what is 
meant by our sidereal system. We have already dwelt 
on the isolat-ed position of the sun and the attendant 
planets. The grandest truth in the whole of astronomy 
is that which asserts that our sun is only a star separated 
by the most gigantic distances from the other stars 
around. Our sun, indeed, appears to be but one of the 
vast host of stars which form the Milky Way. We need 
not here enter into the often discussed question as to 
whether the nebulse are, generally speaking, at distances 
of the same order as the stars. There seems to be no 
doubt that some of the nebulsd are quite as near to us as 
some of the stars. At all events, for our present purpose, 
we may group the Milky Way, the nebulae, the stars, and 
the clusters, all into one whole which we call our sidereal 
system. Is this sidereal system as thus defined an isolated 
object in space P Are its members all so bound together 
by the law of universal gravitation that each body, what- 
ever be its movements, can only describe a certain path 
such that it can never depart finally from the system P 
This is a question of no small importance. It presents 
features analogous to certain very interesting problems in 
biology which the labours of Mr. Wallace have done so 
much to elucidate. We are told that the fauna and flora 
of an oceanic island, cut off from the perpetual immigra- 
tion of new forms, often assume a very remarkable type. 
The evolution of life under such circumstances proceeds 
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in a very different manner to the corresponding evolution 
in an equal area of land whioh is connected with the great 
continental masses. Is our sidereal system to be regarded 
as an oceanic island in space, or is it in such connection 
with the systems in other parts of space as might lead us 
to infer that the various systems had a common character? 
The evidence seems to show that the stars in our system 
are probably not permanently associated together, but 
that in the course of time some stars enter our system 
and other stars leave it^ in such a manner as to suggest 
that the bodies visible to us are fairly typical of the 
general contents of the universe. The strongest evidence 
that can be presented on this subject is met with in the 
peculiar circumstances of one particular star. The star 
in question is known as number 1830 of Groombridge's 
catalogue. It is a small star, not to be seen without the 
aid of a telescope. This star is endowed with a very large 
proper motion. It would not be correct to say that its 
proper motion exceeds that of any other known star, but 
it certainly has the largest visible proper motion of any 
star of which the distance is known. The proper motion 
of 1830 Groombridge amounts to over seven seconds 
annually. It would take between two and three cen- 
turies to move over about eighteen hundred seconds, a 
distance in the heavens equal to the apparent diameter 
of the moon. The distance of this star is much greater 
than might have been anticipated from its very large 
proper motion. The estimates of the distance present 
some irregularities, but we shall probably be quite cor- 
rect in assuming that the distance is not less than two 
hundred billions of miles. This star is indeed ten 
times as far from us as Alpha Gentauri, which is generally 
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considered to be the son's nearest neighbour in our sidereval 
system. 

The proper motion and the distance of 1830 Groom- 
bridge being both assumed, it is easy to calculate the 
velocity with which the star must be moving. The 
velocity is indeed stupendous and worthy of a majestic 
sun ; it is no less than 200 miles a second. It would 
seem that the velocity may even be much larger than 
this. The proper motion of the star which we see is 
merely the true proper motion of the star foreshortened 
by projection on the surface of the heavens. In adopting 
200 miles a second as the velocity of 1830 Groombridge, 
we therefore make a most moderate assumption, which 
may and probably does fall considerably short of the 
truth. But even with this very moderate assumption, it 
will be easy to show that 1830 Ghroombridge seems in all 
probability to be merely travelling through our system, 
and not permanently attached thereto. 

The star sweeps along through our system with this 
stupendous velocity. Now there can be no doubt that if 
the star were permanently to retain this velocity, it would 
in the course of time travel right across our system, and 
after leaving our system would retreat into the depths of 
infinite space. Is there any power adequate to recall this 
star from the voyage to infinity P We know of none, 
unless it be the attraction of the stars or other bodies of 
our sidereal system. It therefore becomes a matter of 
calculation to determine whether the attraction of all the 
material bodies of our sidereal system could be adequate, 
even with universal gravitation, to recall a body which 
seems bent on leaving that system with a velocity of 20C 
miles per second. 

o 
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Tbis interesting problem has been discussed by 
Professor Newcomb, whose calculations we shall here 
follow. In the first place we require to make some 
estimate of the dimensions of the sidereal system, in 
order to see whether it seems likely that this star can ever 
be recalled. The number of stars may be taken at one 
hundred miUions, which is probably double as many as 
the number we can see with our best telescopes. The 
masses of the stars may be taken as on the average five 
times as great as the mass of the sun. The distribution 
of the stars is suggested by the constitution of the Milky 
Way. One hundred million stars are presumed to be 
disposed in a flat circular layer of such dimensions that 
a ray of light would require thirty thousand years to 
traverse one diameter. Assuming the ordinary law of 
gravitation, it is now easy to compute the efficiency of such 
an arrangement in attempting to recall a moving star. 

The whole question turns on a certain critical velocity 
of twenty-five miles a second. If a star darted through 
the system we have just been considering with a 
velocity less than twenty-five miles a second, then, after 
that star had moved for a certain distance, the attractive 
power of the system would gradually bend the path of the 
star round, and force the star to return to the system. 
If, therefore, the velocities of the stars were under no 
circumstances more than twenty-five miles a second, then, 
supposing the system to have the character we have 
described, that system might be always the same. The 
stars might be in incessant motion, but they must always 
remain in the vicinity of our present system, and our 
whole sidereal system might be an isolated object in space, 
just as our solar system is an isolated object in the extent 
of the sidereal Bystem. 
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We haye, however, seen that for one star, at all erentp 
the velocity is no less than 200 miles a second. If this 
star dash through the system, then the attractions of all 
the bodies in the system will unite in one grand effort 
to recall the wanderer. This attraction must, to some 
extent, be acknowledged ; the speed of the wanderer 
must gradually diminish as he recedes into space; 
but that speed will never be lessened sufficiently to 
bring the star back again. As the star retreats further 
and further, the potency of the attraction will decrease ; 
but, owing to the velocity of the star being over twenty- 
five miles a second, the attraction can never overcome the 
velocity ; so that the star seems destined to escape. 

This calculation is of course founded on our assumption 
as to the total mass of the stars and other bodies which 
form our sidereal system. That estimate was founded on 
a liberal, indeed a very liberal interpretation of the evi- 
dence which our telescopes have afforded. But it must 
probably fall short of the truth on account of the myriads 
of dark stars. There may be more than a hundred 
million stars in our system ; the average weight may be 
more than five times the weight of our sun. But unless 
the assumption we have made is enormously short of the 
truth, our inference cannot be challenged. If the stars 
are sixty-four times as numerous, or if the whole mass of 
the system be sixty-four times as great as we have sup- 
posed, then the critical velocity would be 200 miles a 
second instead of twenty-five miles a second. Our estimate 
of the system would therefore have to be enlarged sixty- 
four fold, if the attraction of that system is to be adequate 
to recall 1830 Groombridge. It should also be recollected 
that our assumption of the velocity of the star is very 
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moderate, bo that it is not at all unlikely that a system at 
least 100 times as massive as the system we have supposed 
would be required if this star was to be recalled. 

The result of this inquiry is to be stated as an alter- 
natiye : either our sidereal system is not an entirely isolated 
object, or its bodies must be vastly more numerous or 
more massive than a liberal interpretation of obser- 
vations would seem to warrant. It we adopt the first 
alternative, then we see that 1830 Groombridge, paving 
travelled from an indefinitely great distance on one side of 
the heavens, is now passing through our system for the 
first and the only time. After leaving our neighbourhood it 
will retreat again into the depths of space, to a distance 
which, for anything we can tell, may be practically re- 
garded as infinite. Although we have only used this one 
star as an illustration, yet it is not to be supposed that the 
peculiarities which it presents are absolutely unique. It 
seems more likely that there may be many other stars 
which are at present passing through our system. In 
fact, considering that most or all of the stars are actually 
in motion, it can be shown that in the course of ages, the 
whole face of the heavens is gradually changing. We are 
thus led to the conclusion that our system may not be an 
absolutely isolated group of bodies in the abyss of space, 
but that we are visited by other bodies coming from the 
remotest regions of space. 

The whole range of astronomy presents no speculations 
which have attracted more attention than the celebrated 
nebular hypotheses of Herschel and of Laplace. We shall 
first enimciate these speculations, and then we shall 
attempt to indicate how far they seem to be warranted by 
the actual state of scientific knowledge. In one of his 
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most memorable papers, Sir W. Hersohel presents us with 
a summary of his observations on the nebulas arranged in 
such a manner as to suggest his theory of the gradual 
transmutation of nebulse into stars. He first shows us 
that there are regions in the heayens where a faint dif- 
fused nebulosity is all that can be detected by the tele- 
scope. There are other nebuUe in which a nucleus can be 
just discerned ; others again in which the nucleus is easily 
seen ; and still others where the nucleus is a brilliant star- 
like point The transition from an object of this kind to 
a nebulous star is very natural, while the nebulous stars 
pass into the ordinary stars by a few graduated stages. It 
is thus possible to enumerate a series of objects, beginning 
at one end with the most diffused nebulosity, and ending 
at the other with an ordinary fixed star or group of stars. 
Each object in the series differs but slightly from the 
object just before it and just after it. 

It seemed to Herschel that he was thus able to yiew the 
actual changes by which masses of phosphorescent or glow- 
ing vapour became actually condensed down into stars. The 
condensation of a nebula could be followed in the same 
manner as we can study the growth of the trees in a forest 
by comparing the trees of various ages which the forest con- 
tains at the same time. In attempting to pronounce upon 
the positive evidence available in the discussion of Her- 
schel's theory, we encounter a well-known difficulty. To 
establish this theory, it would be necessary to watch the 
actual condensation of one single nebula from the primi- 
tive gaseous condition down to the stellar points. It may 
easily be conceived that such a process would require a 
vast lapse of time, perhaps enormously greater than the 
period between the invention of the telescope and the pre- 
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sent moment. It may at all events be confidentlj asserted 
that the condensation of a nebula into a star is a process 
which has never been witnessed. Whether any stages 
in that process can be said to have been witnessed is a 
different matter, on which it is not easy to speak with 
precision. Drawings of the same nebula made at different 
dates often exhibit great discrepancies. In comparing 
these drawings, it must be remembered that a nebula is 
an object usually devoid of distinct outline, and varying 
greatly in appearance with different telescopic apertures. 
Take, for instance, the very splendid nebula in Orion, 
which is one of the most glorious objects that can be seen 
in a telescope. There can be no doubt that the drawings 
made at different times do exhibit most marked differences. 
Indeed, the differences are sometimes so great that it is 
hard to believe that the same object is depicted. It is 
well to look also at drawings made of the same object at 
the same time, but by different observers and with dif- 
ferent telescopes. Where we find contemporary drawings 
at variance — and they are often widely at variance — ^it 
seems hard to draw any conclusion from drawings as to 
the presence or the absence of change in the shape of the 
nebula. 

There are, however, good grounds for believing that 
nebtdsB really do undergo some changes, at least as regards 
brightness ; but whether these changes are such as Her- 
ScheFs theory would seem to require is quite another ques- 
tion. Perhaps the best authenticated instance is that of 
the variable nebula in the. constellation of Taurus, dis- 
covered by Mr. Hind in 1852. At the time of its dis- 
covery this object was a small nebula about one minute in 
diameter, with a central condensation of light D' Arrest, 
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the distinguished astronomer of Copenhagen, found in 
1861 that this nebula had vanished. On the 29th of 
December, 1861, the nebula was again seen in the powerful 
refractor at Pulkoya, but on December 12, 1863, Mr. 
Hind failed to detect it with the telescope by which it 
had been originally discovered. This instrument 
had, however, only half the aperture of the Fulkova 
telescope. In 1868, O. Struve, observing at Fulkova, 
detected another nebulous spot in the vicinity of the place 
of the missing object, but this also has now vanished. 
Struve does not, however, consider that the nebula of 1868 
is distinct from Hind's nebula, but he says — 

** What I see is certainly the variable nebula itself, only 
in altered brightness and spread over a larger space. 
Some traces of nebulosity are still to be seen exactly on 
the spot where Hind and D' Arrest placed the variable 
nebula. It is a remarkable circumstance that this nebula 
is in the vicinity of a variable star, which changes some- 
what irregularly from the ninth to the twelfth magnitude. 
At the time of the discovery in 1861, both the star and 
the nebula were brighter than they have since become.'' 

This is the best authenticated history of observed 
change in any nebula. It must be admitted that the 
changes are such as would not be expected if Herschel's 
theory were universally true. 

Another remarkable occurrence in modem astronomy 
may be cited as having some bearing on the question as 
to the actual evidence for or against Herschel's theory. 
On November 24, 1876, Dr. Schmidt noticed a new star 
of the third magnitude in the constellation Oygnus. The 
discoverer was confident that no corresponding object 
existed on the evening of the 20th of November. The 
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brilliancj of the new star gradually declined until on the 
13th of December Mr. Hind found it of the sixth magni- 
tude. The spectrum of this star was carefully studied by 
many observers, and it exhibited several bright lines, 
which indicated that the star differed from other stars by 
the possession of vast masses of glowing gaseous material. 
The star was observed by the late Dr. Copeland at the Earl 
of Crawford's observatory on September 2, 1877. It was 
then below the tenth magnitude, and of a decidedly bluish 
tint. Viewed through the spectroscope, its light was 
almost completely monochromatic, and appeared to be 
indistinguishable from that which is often found to come 
from nebulsB. Dr. Copeland thus concludes : — 

'' Bearing in mind the history of this star from the time 
of its discovery by Schmidt, it would seem certain that 
we have an instance before us in which a star has changed 
into a planetary nebula of small angular diameter. At 
least it may be safely affirmed that no astronomer dis- 
covering the object in its present state would, after view- 
ing it through a prism, hesitate to pronounce as to its 
present nebulous character." 

It should, however, be added that Professor Pickering 
has since found slight traces of a continuous spectrum, 
but the object has now become so extremely faint that 
such observations are very difficult. This remarkable 
history might be adduced if we wished to procure evidence 
of the conversion of stars into nebulse, but for the nebular 
theory we require evidence of the conversion of nebuke 
intostars, 

Gare must be taken not to exaggerate the inferences to 
be drawn from the two instances I have quoted — ^viz., the 
variable nebula in Taurus and the new star in Gygnua. I 
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think it more likely that both of these are to be regarded 
as exceptional phenomena. It is certainly true that they 
are perhaps the most remarkable instances in which 
changes in nebulaB have actually been witnessed ; but the 
probability is that the only reason why they have been 
witnessed is because they were very exceptional. Those 
who have observed the nebulsB for many years are well 
assured of the general permanence of their appearance. 
The nebulaB we have referred to are chosen out of thou- 
sands. The ordinary nebulae appear just as constant as 
the ordinary bright stars. Every one expects to see Yega 
in the constellation Lyra; and with equal confidence 
every astronomer counts on seeing the celebrated annular 
nebula when he directs his telescope to the same constel- 
lation. This permanence is very probably merely due to 
the stupendous distances at which these objects are placed. 
Only gigantic changes could be detected, and for these 
gigantic periods of time would be required. We are bound 
to believe that heated bodies radiate their heat ; and if so 
they must contract. This general law, which pervades 
all nature, so far as we know it, seems to be the real 
basis — indeed, the only basis — on which the nebular 
theory of Herschel can be maintained. Tip to the present, 
it must be admitted that this theory has received no direct 
telescopic confirmation. 

The nebular theory by which Laplace sought to 
account for the origin of the solar system seems, from 
the nature of the case, to be almost incapable of receiving 
any direct testimony. We shall here enunciate the 
theory in the language of Professor Newcomb : — 

'' The remarkable uniformity among the directions of 
the revolutions of the planets being something which 
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could not have been the result of chance, Laplace sought 
to investigate its probable cause. This cause, he thought, 
could be nothing else than the atmosphere of the sun, 
which once extended so far out as to fill all the space now 
occupied by the planets. He conceives the immense 
vaporous mass forming the sun and his atmosphere to 
have had a slow rotation on its axis. The mass, being 
intensely hot, would slowly cool off, and as it did so, 
would contract towards the centre. As it contracted its 
velocity would, in obedience to one of the fundamental 
laws of mechanics, constantly increase, so that a time 
would arrive when, at the outer boundary of the mass, 
the centriAigal force due to the rotation would counter- 
balance the attractive force of the central mass. Then 
those outer portions would be left behind as a revolving 
ring, while the next inner portions would continue to 
contract, until at their boundary the centrifugal and 
attractive forces would be again balanced, when a second 
ring would be left behind ; and so on. Thus, instead of a 
continuous atmosphere, the sun would be surrounded by a 
series of concentric revolving rings of vapour. 

'' Now, how would these rings of vapour behave P As 
they cooled off, their denser materials would condense 
first, and thus the ring would be composed of a mixed 
mass, partly solid and partly vaporous, the quantity of 
solid matter constantly increasing and that of vapour 
diminishing. If the ring were perfectly uniform this 
condensing process would take place equally all around it, 
and the ring would thus be broken up into a group of 
small planets like that which we see between Mars and 
Jupiter. But we should expect that, in general, some 
. portions of the ring would be much denser than others, 
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and the denser portion would gradually attract the rarer 
portions around it, until instead of a ring we should have 
a single mass, composed of a nearly solid centre, surrounded 
by an immense atmosphere of fiery vapour. This con- 
densation of the ring of vapour around a single point 
would have produced no change in the amount of rotary 
motion originally existing in the ring ; the planet sur- 
rounded by its fiery atmosphere would therefore be in 
rotation, and would be, in miniature, a reproduction of 
the case of the sun surrounded by his atmosphere with 
which we set out. In the same way that the solar atmo- 
sphere formed itself first into rings, and then these rings 
condensed into planets, so, if the planetary atmosphere 
were sufficiently extensive, they would form themselves 
into rings, and these rings would condense into satellites. 
In the case of Saturn, however, one of the rings was so 
perfectly uniform that there could be no denser portion to 
draw the rest of the ring around it, and thus we have the 
well-known rings of Saturn." 

It will thus be seen that one of the principal features in 
the solar system for which the nebular theory has been 
invoked is the fact that the planets all revolve round the 
sun in the same direction. It will therefore be natural to 
take up first the discussion of this subject, and to inquire 
how far the common motion of the planets can be claimed 
in support of Laplace's nebular theory. The value of this 
argument is yery materially influenced by another con- 
sideration of a somewhat peculiar character. If it were 
quite immaterial to the welfare of the planetary system 
whether all the planets moved the same way, or whether 
some moved one way and some another, then the nebular 
hypothesis would be entitled to all the support which 
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could be derived from the circumstances of the case. 
Take, for instance, the eight principal planets — Mercury, 
Venus, the Earth, Mars, Jupiter, Saturn, TJranus, Nep- 
tune. All these planets move in the same way around 
the sun. The chances against such an occurrence are 
127 to 1. The probability that the system of eight pla- 
nets has been guided to move in the same direction by 
some cause may be taken to be 127 to 1. If we include 
the two hundred minor planets the probability would be 
enormously enhanced. The nebular theory seems a rea- 
sonable explanation of how this uniformity of moyements 
could arise, and therefore the advocates of the nebular 
theory may seem entitled to claim all this high degree of 
probability in their favour. There is, however, quite a 
different point of view from which the question may be 
regarded. There are reasons which imperatively demand 
that the planets (at all events the large planets) shall 
revolve in uniform directions, which lie quite outside the 
view taken in the nebular theory. If the big planets did 
not all revolve in the same direction, the system would 
have perished long ago, and we should not now be here to 
discuss the nebular or any other hypothesis. 

It is well known that in consequence of the gravitation 
which pervades the solar system, each of the planets has 
its movements mainly subordinated to the attraction of 
the sun. But each of the planets attracts every other 
planet. In consequence of 4;hese attractions, the orbits of 
the planets are to some extent affected. The mutual 
actions of the planets present many problems of the 
highest interest, and, it should be added, of the greatest 
difficulty. Many of these difficulties have been overcome. 
It is the great glory of the French mathematicians to 
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have invented the methods by which the nature of iihe 
solar system could be studied. The results at which 
they arrived are not a little remarkable. They have 
computed how much the planets act and react upon each 
other> and they have shown that in consequence of these 
actions the orbit of each planet gradually changes its 
shape and its position. But the crowning feature of these 
discoveries is the demonstration that these changes in the 
orbits of the planets are all periodic. The orbits may 
fluctuate^ but those fluctuations are confined within very 
narrow limits. In the course of ages the system gradu- 
ally becomes deformed, but it will gradually return again 
to its original position, and again depart therefrom. 
These changes are comparatively so small that our system 
may be regarded as substantially the same even when its 
fluctnations have attained their greatest amplitude. These 
splendid discoveries are founded upon the actual circum- 
stances of the system, as we see that system to be, consti- 
tuted. 

Take, for instance, the eccentricities of the orbits 
of the planets around the sun. Those eccentricities can 
never change much ; they are now small quantities, and 
small quantities those eccentricities must for ever remain. 
The proof of this remarkable theorem partly depends upon 
the fact that the planets are all revolving around the sun 
in the same direction. If one of the planets we have 
named were revolving in an opposite direction to the rest, 
the mathematical theory would break down. We should 
have no guarantee that the eccentricities would for ever 
remain small, as they are at present. In a similar manner, 
the planets all move in orbits whose planes are inclined 
to each other at very small angles. The positions of 
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those planes fluctuate^ but these fluctuations are confined 
within very narrow limits. The proof of this theorem, 
like the proof of the corresponding theorem about the 
eccentricities, depends upon the actual conditions of the 
planetary system as we find it. If one of the planets were 
to be stopped, turned round, and started off again in the 
opposite direction, our guarantee for the preservation of 
the planes would be gone. It therefore follows that if 
the system is to be permanently maintained, aU the 
planets must revolve in the same direction. 

In this connection it is impossible not to notice the 
peculiar circumstances presented by the comets. By a 
sort of convention the planets have adopted, or, at all 
events, they possess, movements which fulfil the conditions 
necessary if the planets are to live and let live ; but the 
comets do not obey any. of the conditions which are 
imposed by the planetary convention. The orbits of the 
comets are not nearly circles. They are sometimes ellipses 
with a very high degree of eccentricity ; they are often 
so very eccentric that we are unable to distinguish the 
parts of their orbits which we see from actual parabolas. 
Nor do the directions in which the comets move exhibit 
any uniformity ; some move round the sun in one direc- 
tion, some move in the opposite direction. Even the 
planes which contain the orbits of the comets are totally 
different from each other. Instead of being inclined at 
only a very few degrees to their mean position, the planes 
of the comets hardly follow any common law ; they are 
inclined at all sorts of directions. In no respect do the 
comets obey those principles which are necessary to pre- 
vent constitutional disorder in the planetary system. 
The consequences of this are obvious, and unfortunate in 
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the highest degree — for the comets. A comut possesses no 
security for the undisturbed enjoyment of its orbit. Not 
to mention the risk of actual collision with the planets, 
there are other ways in which the path of a comet may 
experience enormously great changes by the disturbances 
which the planets are capable of producing. How is it 
that the system has been able to tolerate the vagaries of 
comets for so many ages P Solely because the comets, 
though capable of suffering from perturbations^ are practi- 
cally incapable of producing any perturbations on the 
planets. The efficiency of a body in producing perturba- 
tions depends upon the mass of the body. Now all we 
have hitherto seen with regard to comets tends to show 
that the masses of comets are extremely small. Attempts 
have been made to measure them, but have always failed, 
because the scales in which we have attempted to weigh 
them have been too coarse to weigh anything of the almost 
spiritual texture of a comet. It is unnecessary to go as 
far as some have done, and to say that the weight of a 
large comet may be only a few pounds or a few oimces. 
It might be more reasonable to suppose that the weight 
of a large comet was thousands of tons, though even 
thousands of tons would be far too small a weight to 
admit of being measured by the very coarse balance which 
is at our disposal. 

The enduring stability of the planetary system is thus 
seen to be compatible with the existence of comets solely 
because comets fulfil the condition of being almost impon- 
derable in comparison with the mighty masses of the 
planetary system. The very existence of our planetary 
system is a proof of the doctrine that the masses of the 
comets are but small. Indeed, to those who will duly 
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weigh the matter, it will probably appe&r that, this nega- 
tive eyidence as to the mass of the comets is more satis- 
factory than the results of any of the more direct attempts 
to place the comets in the weighing scales. If we restate 
the circumstances of the solar system, and if we include 
the comets in our view, it will appear how seriously the 
existence of the comets affects the validity of the argu- 
ment in favour of the nebular hypothesis which is derived 
from the uniformity in the directions of the planetary 
movements. If we include the whole host of minor 
planets, we have for the population of the solar system 
something imder three hundred planets, and an enormous 
multitude of comets. It will probably not be an over- 
estimate if we suppose that the comets are ten times as 
numerous as the planets. The case, then, stands thus : 

The solar system consists of some thousands of different 
bodies; these bodies move in orbits of the most varied 
degrees of eccentricity ; they have no common direction ; 
their planes are situated in all conceivable positions, save 
only that each of these planes must pass through the sun. 
Stated in this way, the present condition of the solar 
system is surely no argument for the nebular theory. It 
might rather be said that it is inconceivable on the nebular 
theory how a system of this form could be constructed at 
all. Nine-tenths of the bodies in the solar system do not 
exhibit movements which would suggest that they were 
produced from a nebula : the remaining tenth do no doubt 
exhibit movements which seem to admit of explanation 
by the nebular theory : but, had that tenth not obeyed 
the group of laws referred to, they would not now be 
there to tell the tale. The planetary system now lives 
because it was an organism fitted for survival. 
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It is often alleged that the comets are not indigenous 
to the solar system. It has been supposed that the comets 
have been imported from other systems. It has also been 
urged with considerable probability that perhaps many 
comets may have had their origin in our sun, and have 
been actually ejected therefrom. I do not now attempt 
to enter into the discussion of these views, which are at 
present problematical ; let me pass from this part of the 
subject, with the remark that imtil the nature and origin 
of comets is better understood, it will be impossible to 
appraise with accuracy the value of the argument for the 
nebular hypothesis which has been based on the imi- 
formity of the directions in which the planets revolve 
around the sun. 

There are, however, other circumstances in the solar 
system which admit of explanation by the nebular theory. 
It is a remarkable fact that the Earth, Mars, Jupiter, and 
Saturn are all known to rotate upon their axes in the 
same direction as their revolutions around the sun, The 
nebular theory offers an explanation of this circumstance. 
It does not appear that this common rotation of the planets 
is absolutely necessary for the stability of the system. 
Should it further be proved that there is no other agency 
at work which would force the planets to rotate in the 
same direction, then it must be admitted that the nebular 
theory receives very substantial support. 

There is another way in which we can examine the 
evidence on behalf of the nebular hypothesis. There are 
certain actions going on at present in the solar system ; 
and by reasoning backwards from these present actions we 
are led to believe that in extremely early times the condi- 
tion of things may have resembled that which is supposed 

P 
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by the nebular hypothesis. Let us begin with the consi- 
deration of our sun, which is, as we know, daily radiating 
off light and heat into space. This heat is poured off in 
all directions ; a small portion of it is intercepted by the 
earth, but this portion is less than one two-thousand- 
millionth part of the whole ; the planets also, no doubt, 
each intercept a small portion of the solar radiation ; but 
the great mass of radiated heat from the sun entirely 
escapes. Tins heat is supposed not to be restored to the 
sun. The sun certainly must receive some heat by the 
radiation from the stars; but this is quite infinitesimal 
in comparison with its own stupendous radiation. We 
therefore conclude that the sun's heat is being squan- 
dered with prodigal liberality. "We also know that the 
store of heat which the sun can possess, though no doubt 
enormously great, is still limited in amount. It is, indeed, 
a question of very great interest to decide what are the 
probable sources by which the sun is able to maintain 
its present rate of expenditure. It must have some 
source of heat in addition to that which it would possess 
in virtue of its temperature as an incandescent body. If 
we suppose the sun to be a vast incandescent body, formed 
of materials which possess the same specific heat as the 
materials of which our earth is composed, the sun would 
then cool at the rate o& from 5° to 10^ per annum. At 
this rate the sun could not have lasted for more than a 
few thousand years before it cooled down. "We are there- 
fore compelled to inquire whether the sun may not have 
some other source of heat to supply its radiation beyond 
that which arises merely from the temperature. 

Of the various sources which have been suggested, it 
will here only be necessary to mention two. It has been 
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supposed that the heat of the sun may be recruited by the 
incessant falling of meteoric matter upon the sun's surface* 
If that matter had been drawn only by the sun's attraction 
from the remote depths of space, it would fall upon the 
sun with an enormously great Telocity, amounting to about 
300 miles a second. It follows from the principle of the 
equivalence between heat and mechanical energy that a 
body entering the sim with this velocity would contribute 
to the sun a considerable quantity of heat. It is known 
that small meteoroids abound in the solar system ; they 
are constantly seen in the form of shooting stars when 
they dash into our atmosphere, and it can hardly be 
doubted that myriads of such bodies must fall into the 
sun. It does not, however, seem likely that enough 
matter of this kind can enter the sun to account for its 
mighty radiation of heat. It can be shown that the quan- 
tity of matter necessary for this purpose is so large that a 
mass equal in the aggregate to the mass of the earth would 
have to fall into the sun every century if the radiation of 
the sun were to be defrayed from this source. That so 
large a stream of matter should be perennially drawn into 
the sun is, to say the least, highly improbable. 

But it is quite possible to account for the radiation of 
the sun on strictly scientific principles, even if we discard 
entirely the contributions due to meteoric matter. As the 
sun parts with its heat it must contract, in virtue of the 
general law that all bodies contract when cooling ; but in 
the act of contraction an amount of heat is produced. By 
this the process of cooling is greatly retarded. It can, 
indeed, be shown that, if the sun contracts so that his 
diameter decreases one mile every twenty-five years, the 
amount of heat necessary to supply his radiation would 
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be amply accounted for. At this rate many thousands of 
years must elapse before the diminution in the sun's 
diameter would be large enough to be appreciable by our 
measurements. 

Looking back into the remote ages, we thus see that 
the sun was larger and larger the further back we project 
our view. If we go sufficiently far back, we seem to come 
to a time when the sun, in a more or less completely 
gaseous state, filled up the surrounding space out to the 
orbit of Mercury, or, earlier still, out to the orbit of the 
remotest planet. If we admit that the present laws of 
nature have been acting during the past ages to which we 
refer, then it does not seem possible to escape the conclu- 
sion that the sun was once a nebulous mass of gas such as 
the nebular theory of Laplace would require. 

It will also throw some light upon this retrospective 
argument for the nebular theory if we briefly consider the 
probable history of the earth. It is known that the 
interior of the earth is hotter than the exterior. It has 
been suggested that this interior heat may arise from 
certain chemical actions which are at present going on. 
If this were uniyersally the case, the argument now to be 
brought forward could not be entertained. I believe, 
however, most physicists will agree in thinking that 
the interior heat of the earth is an indication that it 
is cooling down from some former condition in which it 
was hotter than it is at present. The surface has cooled 
already, and the interior is cooling as quickly as the badly 
conducting materials of the crust will permit. We are 
thus led to think of the earth as having been hotter in 
past time than at present. The further we look back the 
greater must the earth's heat have been. We cannot stop 
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till the earth was once red-hot or white-hot, till it was 
molten or a mass of fiery yaponr. I have endeayoured to 
set forth a popular account of the nebular theory in a 
yolume entitled " The Earth's Beginning." 

The yerdiot of science on the whole subject cannot be 
expressed better than in the words of Newcomb : — 

'' At the present time we can only say that the nebular 
hypothesis is indicated by the general tendencies of the 
laws of nature ; that it has not been proyed to be incon- 
sistent with any fact ; that it is almost a necessary con- 
sequence of the only theory by which we can account for 
the origin and conseryation of the sun's heat ; but that it 
rests on the assumption that this conseryation is to be 
explained by the laws of nature as we now see them in 
operation. Should any one be sceptical as to the suffi- 
ciency of these laws to account for the present state of 
things, science can furnish no eyidence strong enough to 
oyerthrow his doubts untU the sun shall be found growing 
smaller by actual measurement, or the nebuks be actually 
seen to condense into stars and systems.'' 



CHAPTER X. 

18 THE UNIVERSE INFINITE P 

ISHOP BUTLER has well remarked 
that "probability is the guide of life," 
and, assuredly, if it be our guide in all 
practical concerns, in a still more sig- 
nificant sense may it be claimed as tbe 
source of the greater part of human 
knovledge. Indeed, in a rapid survey of the field of 
astronomy we are tempted to affirm, not merely that the 
theory of probability is of the utmost service to us, but 
that it is almost our sole method of discovering the truth. 
This will not seem a paradox to any one who will reflect 
that there is hardly an astronomical doctrine, even of the 
most elementary kind, of which it might not be said that 
our belief in it depends simply on the fact that its truth 
is, in a high degree, more probable than its felsehood. To 
those who are accustomed to apply the doctrine of proba- 
bilities habitually and, indeed, almost unconscioasly, it 
affords the readiest touchstone by which many fallacious 
scientific notions can be dissipated. 

Let me give an illustration of what I mean. In the 
first book about astronomy which I read in my boy- 
hood there was a glowing description of an investigation 
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which at one time seemed to have attracted a great deal 
of attention. I allude to the discovery, or the alleged 
discovery I should rather say, of a certain "central 
sun/' about which it was believed or stated that all 
the bodies in the universe revolved. This marvellous 
centre was becomingly located in the Pleiades — in- 
deed, if I remember aright, it was actually identified 
with the star Alcyone. The doctrine was certainly a 
splendid and captivating one, but it was too good to 
be true. No one ever hears anything about the central 
sun hypothesis nowadays, and that, perhaps, for the 
simple reason that it stood condemned on the face of it 
by the theory of probabilities. It is wholly unnecessary 
at this time of day to attempt to appraise the value of the 
observations by which an astronomer, justly esteemed for 
other labours, demonstrated, or thought he had demon- 
strated, the existence of a " central sun." Even if the 
apparent movements of certain stars offered quite unequi- 
vocal testimony (which, indeed, was by no means the 
case) to show that they were revolving around Alcyone, 
still it is obvious, on a little consideration, that even this 
famous star could not be regarded as the centre of the 
whole universe without doing unwal'rantable violence to 
all notions of probability. For just look at the facts in 
their due proportion. 

Alcyone, no doubt, is a star of magnificent dimen- 
sions. It may be a hundred or a thousand times more 
massive and more brilliant than our sun. Alcyone is 
so remote from the earth that the light which now 
arrives at our eyes, even though it speeds on its way at 
the rate of 186,000 miles a second, has not improbably 
taken a century, or more than a century, to reach us. The 
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Pleiades form a cluster of bright stars almost unique in 
their interest ; and these circumstances might certainly 
render the notion that there lay the centre of the uniyerse 
highly atti^ctiye to the imagination and perhaps even quite 
plausible. But the theory of probabilities at once upsets 
the whole doctrine when the facts are yiewed in their 
proper light. 

No doubt the theory of probabilities has nothing to 
say against Alcyone in comparison with any other star 
yisible in the heayens. but what it does say is tbat it 
would be utterly preposterous to imagine that any one 
of the stars in the yisible firmament could be the 
central sun around which all the bodies in the uniyerse 
reyolyed. For summon up to your imagination the most 
distant star that can be seen with the unaided eye. Then 
think of the minutest star that our most potent telescope 
can disclose. Think of the tiniest stellar point of light 
which could possibly be depicted on the most sensitiye 
photographic plate after hours of exposure to the hea- 
yens. Think, indeed, of the yery remotest star which, 
by any conceiyable deyice, can be rendered perceptible to 
our consciousness. Doubtless that star is thousands of 
billions of miles from the earth ; doubtless the light from 
it requires thousands of years, and some astronomers haye 
said millions of years, to span the abyss which interyenes 
between our globe and those distant regions. But, neyer- 
theless, there is a certain number of miles, even though 
we know it not, at which the remotest stars known to us 
must lie. I do not speak of the most distant star which 
the uniyerse may possibly contain ; I only refer to the most 
distant star that we can possibly bring within our ken. 

Imagme a great sphere to be described with its 
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centre at our earth, and with a radius extending all the 
way from the earth to this last star knowable by man. 
Every star that we can see, every star whose existence 
becomes disclosed to us on our photographs, lies inside 
this sphere ; as to the orbs which may lie outside that sphere 
we can know nothing by direct observation. The ima- 
gination doubtless suggests with irresistible emphasis, that 
this outer region is also occupied by stars and nebulae, 
suns and worlds, in the same manner as the interior of 
that mighty sphere whose contents are more or less acces- 
sible to our scrutiny. It would do utter violence to our 
notions of the law of continuity to assume that all the 
existent matter in the universe happened to lie inside this 
sphere; we need only mention such a supposition to 
dismiss it as wholly indefensible. I do not now make 
any attempt to express the number of miles in the dia- 
meter of the sphere which limits the extent of space 
known directly to man. What that number may be is 
quite immaterial for our present purpose. But the point 
that I specially want to bring out is that the volume 
occupied by this stupendous globe, which includes within 
it all possible visible material, must be but a speck when 
compared with the space which contains it. Think of the 
water in the Atlantic Ocean, and think of the water in a 
single drop. As the drop is to the Atlantic Ocean so is 
the sphere which we have been trying to conceive to the 
boundless extent of space. As far as we know it would 
seem that there could be quite as many of such spheres 
in space as there are drops of water in the Atlantic Ocean. 
And, in all probability, these other spheres throughout 
space are tenanted by stars, systems, and galaxies just as 
grand in themselves, just as imposing in their coUoca- 
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tionsy and just as oyerwhelming in their myriads as are 
those which lie within that one particular sphere of which 
alone we know anything with certainty. 

Provided with this conception, we see at once that the 
doctrine of a visible central sun is an absurdity. As to 
whether there may be some central sun somewhere or other 
I can express no opinion, save that I do not see any reason 
whatever to think that such a body should exist. But we 
may feel practically certain, according to all rational 
grounds of probability, that even if there were a central sun 
in the universe it would not lie within our ken. Suppose 
that in the wide extent of the Atlantic Ocean there was one 
individual diatom of a specially interesting character ; I 
do not mean one species with its myriad individuals, but 
one solitary specimen of a particular microscopic orga- 
nism, which happened to flourish somewhere or other in 
the North or South Atlantic Ocean at some depth or other 
from the surface. Supposing that absolutely nothing fur- 
ther was known as to the whereabouts of this individual 
object ; it might, for anjrthing we could tell, lie beneath a 
mighty ice-floe in the Arctic regions ; it might be miles 
deep in the Caribbean Sea ; it might be basking on the 
surface in the Equatorial calms ; it might be tossed in 
the surf on the shores of St. Helena ; it might be floating 
at the mouth of the Amazons ; it might be off the Cape 
of Good Hope, or amid the Antarctic icebergs. Would 
any reasonable man who desired to obtain that unique 
and extraordinary specimen for his collection imagine 
that if he went down to the coast of Cornwall and lifted 
a single drop from the Atlantic he would have such in- 
conceivably good fortime as to find in it this rare 
diatom of which but a single individual existed through- 
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out the millions of cubic miles of water which com- 
pose that mighty ocean P Of course, the mere statement 
of such a case is sufficient to show its absurdity. But 
the improbability that the ardent naturalist would secure 
the prize in the way I have described is not one whit 
greater than the improbability that^ eyen if there were a 
central sun, it should lie within the domain of our scrutiny. 
There is another line of reasoning by which the theory 
of probability will often give us invaluable information, 
which is not this time merely of a negative kind. There 
are many instances which might be taken of the princi- 
ples now to be employed. I shall, however, adopt that 
particular one which presents, perhaps, the greatest inte- 
rest to astronomers. The question often arises as to 
whether two objects which appear to us to lie near each 
other on the surface of the heavens are really neighbours 
in space, or whether their contiguity is only apparent. It 
often happens, for instance, that two stars appear very 
close together through the telescope, and we desire to 
know whether the two bodies are indeed allied by any bond 
of physical association, or whether the appearance may 
not be a mere accidental coincidence. The latter would 
be the case if the line joining the two stars happened to 
be so nearly directed towards the earth that, though in 
reality one of the stars is so much more remote than the 
other, yet that from our point of view the two happen to 
be projected on the same part of the sky. We are gene- 
rally at fault in determining this question by direct 
observation, because it is usually impossible to find the 
actual distances by which the earth is separated from the 
objects, and, therefore, we are deprived of any direct 
assurance that those distances are so far equal as to enable 
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US to assert that the apparent contiguity is indeed a real 
contiguity. Here the theory of probabilities will come to 
our aid and supply reliable information of the most con- 
vincing character. 

The illustration I shall take is one connected with a 
famous object. The Great Nebula in Orion is known 
to be the most glorious body of its class that the heavens 
display. Seen through a powerful telescope, like that 
of Lord Bosse at Parsonstown, the appearance of this 
grand "light- stain'' is of indescribable glory to one 
whose previous acquaintance with practical astronomy 
enables him to inform the picture before him with the 
knowledge necessary for its comprehension. It is a vast 
volume of bluish gaseous material with hues of infinite 
softness and delicacy. Here it presents luminous tracts 
which glow with an exquisite blue light ; there it gradu* 
ates off until it is impossible to say where the nebula 
ceases and the black sky begins. But from our present 
point of view I am only thinking of the nebida as the 
nimbus of glory which surrounds the marvellous multiple 
star known to astronomers as Theta Orionis. 

This complex sidereal system consists of four bright stars 
quite close together, with at least two smaller ones which 
evidently belong to the same scheme. The whole sextuple 
group makes a spectacle unique in the heavens. Wher- 
ever Theta Orionis happened to be in the sky it must neces- 
sarily be known as the most elaborately composed of all 
multiple stars. But, as a matter of fact, we find the 
wonderful star apparently occupying the most imposing 
site in the Great Nebula, so that the latter serves as a 
splendid setting to the complex star. The appearance 
presented would, of course, be explained if it should 
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happen that the wondrous multiple did actually lie ineide 

the nebula wherein it wae seen gleaming. But It is, 

DO doubt, conceirable that the 

effect actually witnessed might 

be accounted for if it should 

happen that the multiple star 

were billions of miles in the 

foreground, only so placed that 

from our point of view we 

beheld it projected with the 

briirhtest part of the nebula as „ „ „ „ ,., . „, 

'Of f^g_ 31.— The MiJtdple Star 
a background. Such, too, is flheia Orionii) in the 

, , oil great nebula of Orion. 

the translucency of nebulous 

material that it is at least a conceivable hypothesis that 
the nebula might be the object which lay in the fore- 
gronnd and that the star occupied a position billions of 
miles in the rear, but that from where we were situated 
our line of sight towards the star conducted our vision 
directly through the centre of the nebula. 

We have really no means of certainly knowing which 
of these notions is the correct one. At least, I should 
say, direct observation oannot be held to have shown 
conclusively that one of these doctrines is true and that 
the other two are false. It could only have done so 
when we had measured the distances of both the nebula 
and the multiple star from the earth. As a matter of 
fact we have not measured the distance of either the 
one or the other. This is emineutly a case in which 
the theory of probabilities can be suitably applied, and 
the result to which it leads is of no uncertain kind. 
It demonstrates, by a line of reasoning the cogency of 
which cannot be impugned, that the famous stars are not 
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standing out in front of the nebula, that they are not sunk 
far behind, but that they do yeritably lie at the heart of 
the nebula itself , the combined object forming one glorious 
organization. To simplify the application of the argument, 
let us assume that the yisible heayens are constituted, 
not of hosts of stars and nebulsB, but of one single star 
and one single nebula. Let us suppose that the nebula 
occupies an area of about one square degree, that is, about 
fiye times the area of the full moon, and let us suppose 
that from our point of yiew the star appears to lie within 
the confines of the nebula. Would it be more reasonable 
to belieye that the presence of the star in that particular 
locality of the heayens was only an accidental circum- 
stance due to the line of yision from the nebula to the 
star passing through the eye, or that it was due to the fact 
that there was some physical connection between the two 
bodies, in which case, of course^ the star would lie within 
the confines of the nebula, and the contiguity would be 
real as well as apparent P 

Suppose that the star and the nebula were both 
planted down absolutely at random on the surface of 
the heayens; then, as the nebula occupies a space of 
one square degree, and as there are forty thousand 
square degrees on the surface of the sphere, there 
are obyiously forty thousand chances to one against 
the star happening to lie within the confines of the 
nebula, if the connection between the two bodies were 
merely casual and apparent. For the ordinary purposes 
of life, when we find that there are forty thousand chances 
to one against a particular phenomenon occurring, we gene- 
rally exclude from the realm of practical duty the suppo- 
sition that the unlikely eyent will occur. If a sum of 
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£150 is to be raffled by the sale of enough tickets at a 
penny a-piece to leave a reasonable profit on the under- 
taking, the purchaser of a ticket builds but little hope on 
his chances of success. He knows that the chances against 
him are about forty thousand to one. We are entitled to 
say tbat there must be forty thousand chances to one 
against the star lying in the nebula, unless it should 
happen that there was some physical connection between 
the two. We see, howeyer, that the star does lie in the 
nebula ; therefore, for all practical purposes, we conclude 
that there must be some physical reason for this coinci- 
dence, but we can see no physical reason whatever why 
the line joining the star and the nebula should pass near 
the earth if the two objects were totally distinct. We 
are, therefore, forced to the conclusion that the star must 
be directly associated with the nebula. There are forty 
thousand chances to one that this is the case, and, as 
rational people, we adopt this conclusion as the basis of 
our belief. 

This will illustrate the argument used in the actual 
case of the Great Nebula in Orion and the multiple star 
in the same constellation. It is true that there are 
thousands of stars and thousands of nebulae, but there is 
only one star so marvellously complex in its character as 
Theta Orionis, and there is only one nebula so ample in 
its magnificence as that in the sword-handle of Orion. But 
we find the unique multiple star apparently located in 
the richest part of the unique nebula. If, therefore, we 
remember that the region of the nebula referred to is 
perhaps about a square degree in extent, we are entitled 
to affirm that there must be forty thousand chances to one 
that Theta Orionis, the star, is veritably immersed in the 
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glorious nebulosity of Orion. The theory of probabilitiea 
allows reasonable beings to draw no other conclusion. 

The theory of probabilities is also very instructive in the 
information which it gives us with reference to the exist- 
ence of an invisible myriad of bodies through space which 
can never be discerned by any means at our disposal. It 
is, of course, well known that the stars, properly so-called, 
are each of them brilliant suns, intrinsically of majestic 
proportions, but dwarfed to comparative insignificance by 
the tremendous distance in space at which they are placed. 
These bodies are all self-luminous, and it may no doubt 
happen that there are dark bodies in the vicinity of some of 
the bright stars to which these stars act as illuminants, just 
in the same way as the sun dispenses light to the planets. 
But it is utterly impossible for us to discern objects illu- 
minated in this fashion, for the light which they receive 
from suns that lie in their neighbourhood would be 
altogether insufficient to render them visible to us across 
the vast abyss of space by which they are separated from 
the earth. There are, no doubt, certain indirect processes 
of reasoning by which astronomers have learned, with 
more or less accuracy, something with regard to these 
dark stars. Thus, for instance, it has been shown that the 
extraordinary fluctuations in the light of Algol must be 
attributed to the eclipses of a brilliant star by the inter- 
position at regular intervals of a dark body revolving 
around it. There are also cases in which it has happened 
that two dark stars have come so near each ether that 
they may be almost said to have collided, and the sudden 
transformation of energy of motion into energy of light 
and heat has been sufficient to announce far and wide 
through the universe the character of the event which has 
taken place. 
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But such inRtanoes are few and far between, and we 

should receiye a very erroneous impression as to the 

population of the celestial regions by bodies devoid of 

light if we thought that the few whose presence has been 

occasionally disclosed in some Tory indirect and casual 

manner bore anything like a considerable proportion to 

the total number which actually exist. It is just at this 

point that the theory of probabilities comes to supplement 

our knowledge, and the results to which it conducts us 

are of a most startling description. By this theory we 

are assured, with a logic which cannot be controverted, 

that the invisible bodies must be vastly more numerous 

than the visible stars, so that even the millions of bright 

stars which we see alSbrd only an utterly inadequate 

conception of the full extent of the material universe. 

Remember, I am not now referring to objects beyond 

our ken merely because they lie so far oJBT. What I mean 

is that even within the sphere which contains the visible 

stars that we know, there is such a stupendous quantity of 

matter of a dark character, that the visible part bears an 

almost imperceptible proportion to it. It may well be 

asked how we know that there is this exuberant abun- 

digice of invisible matter. Let the theory of probabilities 

answer the question. 

I shall suppose that we have to deal with a lapse of 
time, which for our present argument may be regarded as 
indefinitely long. It can be demonstrated that the con- 
ditions under which a mass of matter becomes so highly 
heated as to shine with star-like radiance are whoUv 
exceptional in their character. So far as our present 
knowledge goes it would seem that the brightness of any 
sun-like body is to be attributed solely to the transforma- 

a 



tion in some fashion of mechanioal power into heat. To 
take our own son as an example, it is now an assured 
doctrine that the heat so necessary for our welfare is sus- 
tained by the gradual contraction of the solar Yolume. 
The energy available for transformation into heat in this 
process seems sufficient to supply the radiation of the 
sun, not only for ages such as those which we reckon in 
the human period, but even throughout a lapse of time so 
vast as that which geology demands for the formation of 
the earth's crust. But it is certain that the quantity of 
possible light and heat to be dispensed by the sun is 
limited in amount. The sun cannot shine on for ever. A 
time must assuredly come when the mighty orb at present 
so brilliant will have no more potency for the radiation of 
light than is at present possessed by the earth or the moon. 
In like manner it can be shown that the materials 
constituting the sun have not always been luminous. We 
cannot indeed say with certainty by what influence their 
brightness was originally kindled. It probably arose 
from a collision, or an approach to a collision, between 
two dark masses which happened to come to an encounter 
with enormous velocities in their progress through space. 
It is, however, plain that the ages during which the sun 
has been brilliant form only an incident, so to speak, in 
the infinite history of that quantity of matter of which 
the solar system is constituted. Notwithstanding the 
millions, or thousands of millions, of years for which that 
matter has existed, it has perhaps only once become so 
heated, owing to circumstances which we may describe 
as accidental or casual, as to have acquired the ample 
light-dispensing power of a sun. It is, however, possible 
that such periods of light-radiating capacity should have 
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occurred more than once ; they may possibly have occurred 
seyeral times throughout the ages of time past. Nor is it 
likely that the last phenomena of this kind have yet 
arrived. 

The sun, after the lapse of countless years, will lose 
all its heat and pass into a dark mass. In that form 
it may endure for a period so protracted that the spell 
during which it has acted as the luminary to our system 
will appear but a moment in comparison with the 
dark ages which succeed the solar splendour. But we 
can conceive that the darkness, which is the doom of our 
system, need not necessarily be eternal so far as its ma- 
terials are concerned ; it may be that again in the course 
of its wanderings through space, the tide of chance may 
at length bring the dark and tremendous globe so near 
some other orb that another collision should take place 
with appalling vehemence. The solid materials may 
again become transformed into a stupendous glowing 
nebula, and then, in the course of the tedious contraction 
of this nebula, another protracted period of brilliance will 
diversify the career of this great body, and may last long 
enough for the evolution of planets and of whole races of 
higUy organized creatures. 

The essential point for our present consideration must 
not be misunderstood. A little reflection will show that 
any periods of brilliance must be regarded as excep- 
tional periods in the history of each body. Think, for 
instance, of all the iron on the surface of the earth. 
There is the iron in the ore ; there are the great stores 
of pig-iron lying ready for use ; there are the vast 
bridges which span our rivers and straits ; there are 
the thousands of miles of railway lines ; there are the 
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countless wheels and pieces of machinery ; there are iron 
yessels on every ocean, and objects of eyery size made of 
iron, from the smallest nails up to hundred-ton guns. 
There is also at this moment, and every moment, a good 
deal of hot iron on the earth. While I write, iron is 
doubtless flowing from blast furnaces in England, Wales, 
and Scotland ; while I write, ingots of white-hot Besse- 
mer steel are being dealt with under the steam-hammer 
or in the rolling-mills ; while I write, horse-shoes are 
being forged, and, at each moment, in one way or 
anotheri pieces of iron of every temperature could be 
found, from those which are as cold as the iron apparatus 
used by Sir James Dewar in his experiments in the lique- 
faction of air, up to the glittering melted steel which is 
poured from the tilted converter. But it must be admitted 
that the highly-heated pieces of iron bear a very small 
proportion indeed to the total mass of iron in the world 
at any moment. No doubt there are many tons of iron 
now white-hot, but there are many millions of tons 
of iron . once white-hot, but now no warmer than the 
air around. At certain phases in its history every piece 
of iron has to undergo the operation of being raised 
to incandescence, or even of being transformed into a 
liquid. But the laws of cooling are such that, as soon as 
the opportunity is afforded, the iron parts with its redun- 
dant heat and returns to a stable condition, in which it is 
at the temperature of the air. 

Suppose that some percipient being, who was viewing 
this earth from above, could only recognise iron when 
it was red-hot or white-hot, but that he had every 
fitoility for perceiving such iron as happened to be in 
this condition. With such faculties, he would, no doubt, 
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be able to discern bere and there a stream of molten 
iron issuing from a blast fiimace, or perhaps to witness 
the operation of the forging of an anchor under the 
steam-hammer, to watch the rolling of the plates for an 
armour-clad, or to see the more humble operations of 
the blacksmith or nail-maker. But he would surely form 
an entirely erroneous impression as to the quantity of 
iron on this earth, or as to the extent in which it was 
employed in the varied purposes of the arts, if he con- 
cluded that there was no iron on our globe at all except 
that which happened at the moment to be in that parti- 
cular incandescent state in which alone it was visible to 
him. If he were gifted with reasoning powers he would 
say, *^ It is quite true that I can only see the iron while it 
is red-hot, but I know that for iron to be red-hot on the 
earth's surface is an exceptional and abnormal condition 
of a very temporary or intermittent character. No doubt, 
every piece of iron may have to be red-hot once, or more 
than once, but the total duration of such phases of incan- 
descence is quite insignificant under ordinary circum- 
stances when compared with the periods in which the iron 
is cold and invisible. I, therefore, cannot refuse to be- 
lieve that there must be an amount of iron on the earth 
which I do not see, but which bears a proportion to that 
which I do see in the ratio of thousands or millions to 
one." 

Precisely similar is the way in which the astronomer 
who is properly familiar with the theory of probabilities 
will approach the study of the stars. He will reflect 
that each mass of matter must be cold and invisible for 
by far tlie greater part of the period of its existence ; he 
will reflect that on rare occasions, separated by intervale 
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of appalling length, certain exceptional conditions arise 
by which this dark piece of matter may be so kindled 
that, for an epoch, long it may be in years but brief 
indeed when compared with the span of its total existence, 
the body would glow as a star. 

Provided with this conception let us look on the universe 
with its millions of orbs. These orbs will be found in 
every state possible to such bodies; but the enormous 
majority of them must, m accordance with the principles 
just laid down, be in the dark and invisible state. Out 
of some millions it may perhaps be concluded that, at any 
particular moment, a dozen or so might, by accidental 
circumstances, be in those phases of their several careers 
in which luminosity is a characteristic. In such cases 
only will the orbs be visible. The instructed astronomer 
will, therefore, believe that the non- visible orbs must be 
hundreds, thousands, or perhaps millions of times more 
numerous than those which he can see. When we remem- 
ber that, by our telescopes and on our photographs, we can 
discern something like one hundred million luminous 
stars in the sky ; when we remember that every one of 
these is the indication of a wholly exceptional incident in 
the career of the body from which the light emanates ; 
and when we further believe, as believe we must, that for 
each one star which we can thus see there must be a stu- 
pendous number of invisible masses, then, indeed, we 
begin to get some notion of the extraordinary multitude 
in which material orbs are strewn through space. The 
theory of probabilities declares to us with a certainty, 
hardly, in my opinion, inferior to that of optical demon- 
stration, that even within the distance which can be pene- 
trated by our telescopes the visible stars cannot form the 
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hundredth^ probably not the thousandth, perhaps not the 
millionth part of the total quantity of matter. 

On the question as to whether spaoe is finite, our 
observations with the tele&cope have but little information 
to give. The question here involved is rather of a meta- 
physical complexion. The extent of spaoe depends more 
upon the facts of consciousness than upon those of astro- 
nomical observation. It may, perhaps, simplify the 
discussion of the subject if we first of all consider the 
question as to whether the quantity of matter in the 
universe may be presumed to be infinite or not. We can 
put the question into a perfectly concise form by reflecting 
that every particle of matter, whether solid, liquid, or 
gaseous, is composed of molecules. No doubt these mole- 
cules are so numerous that even in the air we breathe the 
capacity of a lady's thimble would contain a multitude of 
molecules so great that it has to be enumerated by billions. 
But we are not at present merely concerned with the 
actual number of molecules that may exist in the atmo- 
sphere, even in its whole extent, or in the whole earth, or 
in the whole sun. Let us try to conceive the number of 
molecules that are present in all the stars, bright and 
dark, which exist not only within those regions of space 
accessible to our telescopes, but elsewhere as well. In 
short, let us try to conjure up in our imagination the kind 
of figures which are to express the total number of mole- 
cules in the universe. Is that number finite, or is it not P 
This is, perhaps, one of the most fundamental questions 
in nature which ooold possibly be proposed. Let us con- 
sider the consequences which would follow from adopting 
a negative answer to this question. If we suppose that 
the number of molecules is indeed infinite, then we are 
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necessarily forced to admit at once that space must be 
infinite too ; for had space any boundary, then, since the 
molecules do not admit of being crowded together beyond 
a certain extent, it would be impossible that they could 
exist in infinite abundance. Adopting the sound principle 
that we ifeed not assume more than is necessary to explain 
the phenomena actually presented by our consciousness, 
it seems to me to be clear that the number of molecules of 
matter in the uniyerse must be finite. The' row of figures 
which would express that number, whateyer it may be, is 
the most remarkable descriptive constant which the uni- 
verse possesses. It matters not for our present argument 
what may be the range of figures by which this number 
can be expressed. It may not be too large to be written 
even on the thumb-nail by the compendious method of 
notation now in general use. 

Let us next see whether we can learn anything as to 
the extent of space itself. It is apparent that we seem to 
be in the presence of about equal difiiculties whether we 
attempt to think of space as finite or as infinite; for, 
iipagine that you go up in a straight line into the sky, 
and on, and on, and on, in thought for millions of miles, 
it would seem that the journey ought to be endless ; for, 
supposing that you try to conceive a boundary, the imagi- 
nation will equally suggest that there is something on the 
other side of that boundary from which you can com- 
mence again. It appears almost equally impossible to 
suppose that the journey could be carried on for ever as to 
suppose that it could ever be brought to an end. It was, 
however, long ago shown by Kant that space was rather 
to be regarded as a form in which the human mind was 
pompelled to re&^ard objects th^ as ^ sell-existing fact 
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of external nature. "We have no power in our own con- 
seiousness to surmount the difficulties of conception to 
which I have referred. They arise from the conditions 
of our mental constitution, and reasoning about space will 
do no more to remoYO its mysteries than it will suffice to 
give to the man bom blind a notion of the colour scarlet. 
But mathematicians, while fully aware of the imperfection 
of their powers of conception as regards the facts of space, 
are still enabled to frame a perfectly consistent theory 
according to which the observed phenomena of nature can 
be presented within a space which is finite in dimensions. 
They are even able, as it were, to lay their finger upon 
the exact point in which the subjective difficulty has 
arisen. 

I must here be permitted to refer to a point in connec- 
tion with the elements of Euclid. The beginner who 
studies that work commences, of course, by learning the 
axioms, and reads without any feeling of discontent or 
querulousness such venerable truths as that '' the whole 
is greater than its part" But, after a number of pro- 
positions of this eminently unquestionable but somewhat 
puerile kind, he is suddenly brought up by the famous 
twelfth axiom in which Euclid lays down the theory of 
parallel lines. Here is a statement of a radically different 
kind from such assertions as that " if equals be added to 
equals the wholes are equal.'' In fitct, Euclid's notion of 
parallel lines is so far from being an axiom of the same 
character as those other propositions that it is quite pos- 
sible to doubt its truth without doing any violence to our 
consciousnesa 

The principle assumed in the twelfth axiom cannot be 
proved, and it has been well remarked, that it indicates 
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the supreme genius of Euclid to have expressed this 
particular axiom in such language as challenges at once 
the attention and the caution of the slnident. It may, 
however, be said that nearly all our difficulties in connec- 
tion with the conceptions of space take their origin in the 
ambiguities which arise from the assumption which the 
twelfth axiom implies. Some modem mathematicians 
have gone so £Eir as to deny the existence of this axiom 
altogether as a truth of nature, and it is most important 
to notice that when free from the embarrassment which 
the assumption of Euclid involves, a geometry emerges 
which removes our difficulties. It seems to show that 
space is finite rather than infinite, so far as we can assign 
definite meaning to the words, but it would lead me into 
matters somewhat inconvenient for these pages if I were 
to pursue the matter with any further detail. I may, 
however, say that it can be demonstrated that all known 
facts about space are reconcilable with the supposition 
that if we follow a straight line through space— -using for 
the word straight the definition which science has shown 
properly to belong to it — then, after a journey which 
is not infinite in its length, we shall find ourselves back at 
the point from which we started. If anyone should think 
this a difficulty, I would recommend him to try to affix a 
legitimate definition to the word straight. He will find 
that the strictly definable attributes of straightness are 
quite compatible with the fact that a particle moving 
along a straight line will ultimately be restored to the 
point from which it departed. 

It is quite true that this seems to be a paradox, but it 
will not be so considered by the geometer. The truth it 
implies is indeed quite a familiar doctrine in modem 
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geometry. But what is not so familiar to mathematicians 
is that the restoration of the travelling particle to the 
point from which it originally started need not involve a 
journey of infinite length. If we assume Euclid*s twelfth 
axiom to be true, then no doubt the traveller can only get 
back to the point from which he started as the result of a 
journey of infinite length which will have occupied an 
infinite time. But now suppose that Euclid's twelfth 
axiom be not true, or suppose that, what comes to the same 
thing, the three angles of a triangle are not indeed equal 
to two right angles, then the journey may require neither 
an infinite lapse of time nor an infinitely great speed 
before the traveller regains his original position, even 
though he be moving in a straight line all the time. Space 
is thus clearly finite ; for a particle travelling in a straight 
line with uniform speed in the same direction is never 
able to get beyond a certain limited distance from the 
original position, to which it will every now and then 
return. 

Those who remember their Euclid may be horror- 
struck at the heresy which suggests any doubt as to the 
sanctions by which they believe in the equality of the 
three angles of a triangle to two right angles. Let them 
know now that this proposition has never been proved, 
and never can be proved, except by the somewhat illogical 
process of first assuming what is equivalent to the same 
thing, as Euclid does in assuming the twelfth axiom. Let 
it be granted that this proposition is to some very minute 
extent an untrue one — there is nothing we know of which 
shows that such a supposition is unwarrantable — no mea- 
surements that we can make with our instruments, no 
observations that we can make with our telescopes, no 
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reasonings that we can make with our intellect, can ever 
demonstrate that the three angles of a triangle may not 
as a matter of fact actually differ from two right angles 
by some such amount as, let us say, the millionth part of 
a second. This does no violence to our consciousness, 
while it provides the needed loophole for escape from the 
illogicalities and the contradictions into which our at- 
tempted conceptions of space otherwise and us. 




CHAPTER XL 

HOW LONG CAN THE EARTH SUSTAIN UFE P 

T seems to be worth while to collect to- 
gether what may be said on the sub* 
ject of the duration of life on the 
globe Yiawed as a problem in physics, 
and this is the subject I propose to 
discuss in the present chapter. 
In the first place, it will be desirable to define a little 
more clearly the exact question which is to engage us, so 
as to avoid raising collateral inquiries on which it would 
not be convenient now to enter. Let it be first of all 
understood that I am not intending to discuss at present 
the question from its biological point of view, at least not 
more than to allude to the conceivability that there can 
be biological reasons for anticipating a termination to 
man's existence at some time or other. Why, it may be 
asked, should the human species expect to enjoy perennial 
existence, seeing that the facts of palaeontology show us 
that multitudes of races of animals have had their little 
day, and vanished ? It would, at least, be necessary for 
man to see clear grounds for his belief before he could 
fiftncy himself entitled to an immunity from the destruc- 
tion which seems to be the destiny of other species. 

Biological agents for the extinction of man have been 
suggested with plausibility. The influenza bacillus was 



254 /^ THE HIGH HEAVENS. 

lately rampant oTer the world. Is there any security 
against some other bacillus quite as ubiquitous, and ten 
times as fatal, coming to take its abode among us P It 
may be that the intelligence of man shall be able to cope 
with the deadly influences that are around him, and that 
thus th<) human race may be preserved from the annihila- 
tion that seems to await all unintelligent races of animals. 
The Pasteurs of the Aiture may be able to devise means 
by which the ravages of the bacilli in the human body 
can be still further restrained, even if not wholly frus- 
trated. The advent of intelligent beings on the globe 
has certainly introduced a factor into evolution the full 
import of which we are not at present able to appreciate. 

Speaking broadly, we may assert that every species of 
animal gradually vanishes, or is transformed into what 
may be considered a creation of different character. There 
are, of course, a few apparent exceptions among organiza- 
tions of a low type. But the instances of such identities 
are comparatively few, and they are not to be met with 
among animals of the higher type. Though some of the 
lower animals to which we have referred may be of more 
abiding duration than the higher forms, yet it by no 
means follows that any of the lower types are qualified for 
indefinitely long existence. It seems much more likely 
that, when sufficient time has elapsed, they will not be 
found exceptions to the law that the duration of every 
species is limited. The palseontological evidence, so far 
as it goes, must therefore be held to suggest that the 
present human animal, like every other species, is neces- 
sarily doomed to disappear, unless in so far as the presence 
of intelligence may be able to avert the fate that seems to 
attend every species in which intelligence is absent. 
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How far intelligence may be able to accomplish this is a 
point on which palsBontology gives no guidance whatever. 
Would the plesiosaurus, if he had been gifted with reason- 
ing power, have been able to do such battle for his race 
that they would have survived those changes and chances 
which have certainly swept such creatures from existence P 
Without speculating on such a question, we may, never- 
theless, believe that intelligence can sometimes confer on 
the species which possesses it a degree of pliancy in 
accommodating itself to altered conditions of the environ- 
ment superior to that enjoyed by organisms without intel- 
lectual power. It may be noted that man has preserved, 
at least one species of animal from the extinction which 
to all appearance would otherwise have overtaken it. 
The camel, as a wild animal, is said to be now extinct. 
Its nearest ally at present living in a state of nature must 
be sought in the New World. The camel itself and its 
immediate congeners have apparently been so extirpated 
as wild animals, that it is to the llamas and alpacas of 
Peru that we have to look for the nearest wild animals 
to the ship of the desert, which has from time imme- 
morial been domesticated in the East. It is at least 
conceivable that what man has been able to do for other 
races of animals he can also do on behalf of that race 
to which he himself belongs. 

Suppose that the succession of summer and winter, of 
seedtime and harvest, were to last indefinitely ; suppose 
that the sun were never to be less generous in the dis- 
pensing of his benefits than he is at present, it is quite 
possible that man's intelligence might be able to defeat 
various enemies which threaten the extinction of his 
species. It seems useless for us to discuss this question. 
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for it is perfectly certain that though man might sue* 
cessfuUj combat aome of the agents seeking for bis 
destruction, there is one that it would be wholly beyond 
his power to subdue. An agent over which he has and 
can have no control whatever imposes a term to his exis- 
tence ; nor does it seem possible for human intelligence 
to avert the threatened doom. To point out the necessity 
for this conclusion is my object in this chapter. 

I know that in the present day there are many who 
seem to think that hardly any boundaries can be assigned 
to the resources of a reasoning being. I have heard that 
when King Hudson in the zenith of his fame was asked 
as to what his railways were to do when all the coal was 
burned out, he replied that by that time we should have 
learned how to bum water. Those who are asked the 
same question now, will often reply that they will use 
electricity, and doubtless think that they have thus dis- 
posed of the question. The £sdlacy of such answers is 
obvious. A so-called ** water-gas " may no doubt be used 
for developing heat, but it is not the water which supplies 
the energy. Trains may be run by electricity, but all 
that the electricity does is to convey the energy from the 
point where it is generated to the train which is in 
motion. Electricity is itself no more a source of power 
than is the rope with which a horse drags a boat along 
the canal. There is much more philosophy in the old 
saying, "Money makes the mare to go,'' than in the 
optimistic doctrine we often hear spoken of with regard 
to the capacity of man for dealing with nature. 

The fact is that a very large part of fhe boasted advance 
of civilisation is merely the acquisition of an increased 
capability of squandering. For what are we doing every 
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day but devising fresh appliances to exhaust with ever 
greater rapidity the hoard of coal P There is just a cer- 
tain number of tons of coal lying in the earth, and when 
these are gone there can be no more forthcoming. There 
is no manufacture of coal in progress at the present time. 
The useful mineral was the product of a very singular 
period in the earth's history, the like of which has not 
again occurred in any noteworthy degree in the geological 
ages that have since run their course. Our steam- 
engines are methods of spending this hoard ; and what 
we often hear lauded as some triumph iu human progress 
is merely the deyelopment of some fresh departure in a 
frightful extravagance. We would justly regard a man 
as guilty of expending his substance wastefuUy if he 
could not perform a journey without a coach-and-six and 
half-a-dozen out-riders, and yet we insist that the great 
steamers which take us across the Atlantic shall be run 
at a speed which requires engines, let us say, of 12,000 
horse-power. If the number of passengers on such a 
vessel be set down as 500. we have for each passenger 
the 'united force of 24 horses, night and day, throughout 
the voyage. I expect our descendants will think that 
our coal-cellars have been emptied in a very wasteful 
mcmner, particularly when they reflect that if we had 
been content with a speed somewhat less than that at 
present demanded the necessary consumption of coal 
would have been reduced in a far greater proportion than 
the mere alteration of speed would imply. 

Of course, no one will contend that the exhaustion of 
ooal means the end of the human race ; man lived here 
for tens of thousands of years before he learned how to 
use coal. There may be a sort of Ohinese-like civilisa- 

R 
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tion quite compatible with the absence of mineral fuel, at 
all events in regions where the climate is tolerably mild. 
We must alto remember, as has often been pointed out, that 
there are vast stores of energy available elsewhere. The 
radiation from the sun, if it could be suitably garnered up 
and employed both directly as heat and indirectly as a source 
of power, would be quite capable of supplying all con- 
ceivable wants of humanity for ages. It is also to be 
noted that we live on the outside of a globe the inside of 
which is filled with substances that appear, from all we 
can learn, to have a temperature not less than that of 
molten iron. If the crust could be pierced suflSciently 
far, vast indeed is the quantity of heat that might be 
available. We see the operation of tapping the internal 
heat going on in nature. Every volcanic outbreak, every 
spring of hot water, every geyser are but indications of 
the internal heat of our globe. It may indeed be hard 
to see how a practical method for drawing on this vast 
reserve of heat can be devised, but it is at least conceiv- 
able that it may be rendered available when the coal and 
other more accessible sources have become exhausted, or 
even when their yield has considerably lessened. 

The coal of England may last a century or two ; the 
coal in other parts of the globe may supply our cellars 
for a few centuries more, but the exhaustion of this truly 
marvellous product is proceeding at an accelerated pace. 
Doubtless the end of the coal, at least as an article of a 
mighty commerce, will arrive within a period brief in 
comparison with the ages of human existence. In the 
history of humanity from first to last the few centuries 
through which we are now passing will stand out pro* 
minently as the coal*buming periods 
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It is a noteworthy fact that the possibility of the con- 
tiQued existence of the human race depends fundamentally 
upon the question of heat. If heat, or what is equivalent 
to heat, does not last, then man cannot last either. There 
is no shirking this plain truism. It is therefore necessary 
to review carefully the possible sources of heat and see 
how far they can be relied upon to provide a continuous 
supply. 

Of course it is obvious that the available heat generally 
comes from the sun. It may be used directly, or it may 
be and often is used indirectly, for nothing can be more 
certain than that it is sun heat in a modified form which 
radiates from a coal fire in the drawing-room or from a 
log fire in the backwoods. As the sun shines on the 
growing vegetation, the leaves extract the warmth from 
the sunbeams. The organism wants carbon, and to obtain 
it decomposes the carbonic acid gas of which a certain 
proportion is always present in the air. To decompose 
this gas requires the expenditure of heat or of what is 
equivalent to heat. But this does not show itself in 
raising the temperature of the carbon and oxygen after 
they have been dissociated. Their temperature may be 
no higher than was that of the carbonic acid from which 
they have come, but the heat has been expended in the 
process of forcing the several molecules asunder from the 
close and intimate union of their combined condition. 

As the growing plant must have carbon, it draws that 
carbon from the atmosphere, and the heat that is required 
to effect the decomposition of the carbonic acid is obtained 
from sunbeams. When the carbon thus derived by the 
plant comes ultimately to be burned it reunites with the 
oxygen of the air, and in the act of doing so evolves an 
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amount of heat precisely equivalent to that which was 
absorbed from the sunbeams. Thus it is that the heat 
now radiating from our fireplaces has at some time pre- 
viously been transmitted to the earth from the sun. If 
it be timber that we are burning, then we are using the 
sunbeams that have shone on the earth within a few 
decades. If it be coal, then we are retransforming to 
heat the solar energy which arrived at the earth millions 
of years ago. 

The question as to the continued existence of man on 
this globe resolves itself eventually into cm investigation 
as to the permanence of the heat-supply. Doubtless 
human life requires many other conditions, but of this we 
may feel assured, that if the heat fail and if nothing else 
be forthcoming which can be transformed into heat, then 
most assuredly from this cause alone there is a term to 
human existence. Before discussing the prospect of the 
duration of sunbeams we may first consider a few other 
less important sources of heat So far as the coal goes, 
we have already observed that as it is limited in quantity 
it can offer no perennial supply. Doubtless there is in 
the earth some quantity of other materials capable of 
oxidation, or of undergoing other chemical change; in 
the course of which, and as an incident of such change, 
heat is evolved. The amount of heat that can possibly 
arise from such sources is strictly limited. There is in 
the entire earth just a certain number of units of heat 
possible from such ohemioal combinations, but after the 
oombination has been effected there cannot be any more 
heat fitun this sooroe. 

Then as to the internal heat of the earth due to the 
incandescent state of its interior. Here there is no doubt 
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a large store of energy, but still it is of limited quantity, 
and it is also on the wane. This heat is occasionally copi- 
ously liberated by volcanoes, but ordinarily the transit of 
heat from the interior to the surface and its discharge 
from thence by radiation is a slow process. It is, however, 
sufficient for our present purpose to observe that slow 
though the escape may be, it is incessantly going on. 
There is only a definite number of units of heat contained 
in the interior of the earth at this moment, and as they 
are gradually diminishing, and as there is no source from 
which the loss can be replenished, there is here no 
supply of warmth that can be relied on permanently. It 
must also be mentioned that there exists another store of 
energy which under certain conditions admits of being 
transformed into heat. I allude to the energy which 
the earth possesses in virtue of its rapid rotation on its 
axis. 

In this respect we may liken our globe to a mighty fly- 
wheel which contains a certain quantity of energy that 
must be poured forth as its speed is reduced. It is the 
action of the tides which enables this form of earth energy 
to be transformed into heat. The tides check the speed 
with which the earth rotates. The energy thus lost must 
in part at least be trcmsformed into heat, which is then 
again lost by radiation into space. Of course the quan- 
tity of energy which the earth possesses by reason of its 
rotation is of limited amount, and it is steadily being 
dissipated, just as the internal heat is being lost and just 
as the potential heat that exists in consequence of unsa- 
tisfied chemical attraction is also declining. It seems 
that whenever the tides shall have so checked the earth 
that it only rotates at half its present speed, the quantity 
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of the energy now existing in consequence of the rotation 
will have been reduced to a fourth of its present value. 

Next as to the various forms in which sun-heat is 
received. We have already referred to the mode in 
which it is captured by growing plants. There is also 
another indirect method in which the sun-beat is made 
to provide energy useful to man. The waterfall which 
turns the mill-wheel is of course really efficient because 
the water is running down, and it can only run down 
because it has first been raised up. This raising is 
accomplished by sunbeams. They beat down on the wide 
expanse of the great oceans, and the vapour thence 
arising soars aloft into the heights of the atmosphere 
where it forms clouds. It is of course the solar energy 
that has performed this task of lifting, and as the rain 
descends it becomes collected into the streams and rivers 
which on their way to the sea are made to turn the water- 
wheels. In like manner it is of course the action of the 
sun which sets in motion great volumes of air to form 
the winds, so that when we employ windmills to grind 
our com we are utilising energy diffused from the sun. 

It goes without saying that the welfare of the human 
race is necessarily connected with the continuance of the 
sun's beneficent action. We have indeed shown that the 
few other direct or indirect sources of heat which might 
conceivably be relied upon are in the very nature of things 
devoid of the necessary permanence. It becomes there- 
fore of the utmost interest to inquire whether the sun's 
heat can be calculated on indefinitely. Here is indeed a 
subject which is literally of the most vital importance so 
far as organic life is concerned. If the sun shall ever cease 
to shine, then must it be certein that there is a term 
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beyond which human existence, or indeed, organic exis- 
tence of any type whatever, cannot any longer endure on 
the earth. 

We may say once for all that the sun contains just a 
certain number of units of heat actual or potential, and 
that he is at the present moment shedding that heat 
around with the most appalling extravagance. No doubt 
the heat-hoard of the sun is so tremendous that the con- 
sequences of his mighty profusion do not become speedily 
apparent. They are indeed, it must be admitted, hardly 
to be discerned within the few brief centuries that the 
sun has been submitted to human observation. But we 
have grounds for knowing as a certainty that the sun can- 
not escape from the destiny that sooner or later overtakes 
the spendthrift. In his interesting studies of this subject. 
Professor Langley gives a striking illustration of the rate 
at which the solar heat is being squandered at this 
moment. 

He remarks that the great coalfields of Pennsyl- 
vania contain enough of the precious mineral to supply 
the wants of the United States for a thousand years. If 
all that tremendous accumulation of fuel were to be 
extracted and burned in one vast conflagration, the total 
quantity of heat that would be produced would no doubt 
be stupendous, and yet, says this authority, who has 
taught us so much about the sun, all the heat developed 
by that terrific coal fire would not be equal to that which 
the sun pours forth in the thousandth part of each single 
second. When we reflect that this expenditure of heat 
has been going on not alone for the centuries during 
which the earth has been the abode of man, but also for 
those periods which we cannot estimate^ except by saying 
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that they are doubtless millions of years, during which 
there has been life on the globe, then indeed we begin to 
comprehend how vast must have been the capital of heat 
with which the sun started on its career. 

But now for the question, of supreme importance so far 
as organic life is concerned, as to the possibility of the 
indefinite duration of the sun as a source of radiant 
energy. It may indeed be urged that there is no appa- 
rent decline in the warmth of the sun cmd the brilliancy 
of the light that it diffuses. There is no reason to think 
from any historical eyidence, or indeed from cmy evidence 
whatever, that there is the slightest measurable difierence 
between the radiance of the sun that was shed on the 
inhabitants of ancient Greece and the radiance that still 
falls on the same classic soil. So far as our knowledge 
goes, the plants that now grow on the hills and plains of 
Greece are the same as the plants which grew on the 
same hills and plains two thousand years ago. It is, of 
course, true that the significance of the argument is 
affected by the circumstance that organisms by the influ- 
ence of natural selection can preserve a continuous adap- 
tation to an environment which is gradually becoming 
modified. The olive grows in Greece now, and a tree 
called by the same name grew there a couple of thousand 
years ago. I do not suppose that anyone is likely to 
doubt that the ancient olive and the modem olive are at 
all events so far alike that plants identical in every respect 
with the olive of ancient times could flourish where the 
modern olive now abounds. That there have been great 
climatic vicissitudes in times past is of course clearly 
shown by the records of the rocks. It is almost certain 
that astronomical causes have been largely concerned in 
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tlie production of these chaDges, but from among these 
causes we may exclude the variations in the sun's heat. 
There does not seem to be the least reason to suppose 
that any alteration in the rate at which the sun diffuses 
heat has been a cause of the vicissitudes of climates 
which the earth has certainly undergone within geological 
times. 

And yet we feel certain that the incessant radiation 
from the sun must be producing a profound effect on its 
stores of energy. The only way of reconciling this with 
the total absence of evidence of the expected changes is 
to be found in the supposition that such is the mighty 
mass of the sun, such the prodigious supply of heat, or 
what is equivalent to heat, which it contains, that the grand 
transformation through which it is passing proceeds at a 
rate so slow that, during the ages accessible to our obser- 
vations, the results achieved have been imperceptible. 
Think of a sphere the size of the earth. Would it be 
possible to detect the curvature of a portion of its equator 
a yard in length P To our senses, nay, even to our most 
refined measurements, such a line, though indeed a por- 
tion of a circular arc, would be indistinguishable from a 
straight line. So is it with the solar radiation. To our 
ephemeral glance it appears to be quite uniform ; we can 
only study a very minute part of the whole series of 
changes, so that we are as little able to detect the want 
of uniformity as we should be to detect the departure 
from a straight line of the arc of a circle which we have 
given as an illustration. 

We cannot, however, attribute to the sun any miracu- 
lous power of generating heat. That great body cannot 
disobey those laws which we have learned from experi- 
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rnents in our laboratories. Of conrse no one now doubttf 
that the great law of the conservation of energy holds 
good. We do not in the least believe that because the 
sun's heat is radiated away in such profusion that it is 
therefore entirely lost. It travels off no doubt to the 
depths of space, and as to what may become of it there 
we have no information. Everything we know points to 
the law that energy is as indestructible as matter itself. 
The heat scattered from the sun exists at least as ethereal 
vibration if in no other form. But it is most assuredly 
true that this energy so copiously dispensed is lost to our 
solar system. There is no form in which it is returned, 
or in which it can be returned. The energy of the system 
is as surely declining as the store of energy of the clock 
declines according as the weight runs down. In the 
clock, however, the energy is restored by winding up the 
weight, but there is no analogous process known in our 
system. 

It was long a mystery how the sun was able to retain 
its heat so as to supply continually its prodigious rate of 
expenditure. The suppositions that would most naturally 
occur were shown to be utterly insufficient. We know 
that a great iron casting often takes mcmy hours to grow 
cold after it has been drawn from the mould. If the 
easting be a sufficiently large one, the cooling will proceed 
so slowly that it will not get cold for days, because the 
tardiness of cooling increases with the dimensions of the 
body. It was not, perhaps, unnatural to suppose that as 
the sun was so vast, the process of cooling would proceed 
with such extreme slowness that notwithstanding the 
quantity of heat poured out every second, the annual 
amount of loss would be so small relatively to the whole 



store that the effect of that loss would be imperceptible 
in such periods as those over which our knowledge 
extends. This supposition, howeyer plausible, is speedily 
demolished when brought to the test by which all such 
questions must be decided — ^the test of actual calculation. 

We can determine with all needful accuracy the store of 
heat that the sun would contain if regarded merely as a 
white-hot solid globe. When we apply the known annual 
loss, we see at once that if the sun had merely the simple 
constitution here supposed, the annual expenditure would 
bear such a considerable proportion to the total supply 
that the effect of the loss would become speedily apparent. 
It is certain that the sun must under such circumstances 
fall some degrees in temperature each year. In a couple 
of thousand years the change in temperature would be 
sufficiently great to affect in the prof oundest manner the 
supply of sunbeams. As, however, we know that for a 
couple of thousand years, or, indeed, for periods much 
longer still, there has been no perceptible decrease in the 
volume of solar radiations, we conclude that the great 
luminary cannot be regarded merely as a glowing solid 
globe dispensing its heat by radiation. 

There is another supposition as to the continuance of sun 
heat which must be mentioned, only, however, to be dis- 
missed as quite incapable of offering any solution of the 
problem. As we generate heat here so largely by the com- 
bination of fuel, it has been sometimes thought that a similar 
process may be in progress on the sun. It has been supposed 
that elements capable and desirous of chemical union may 
exist in the sun in such profusion that by their entering 
into association a quantity of heat is liberated sufficient 
to account for the continuous dispersal by radiation. 
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Here, again, the test must be applied which is decisivd 
of such pretensions. It may certainly be the case that 
chemical actions of one kind or another are going on in 
the sun, and among them are doubtless some of such a 
character that they eyolye heat. But we happen to know 
exactly how much heat can be evolved by the action of 
specified quantities of elementary bodies by whose union 
heat is generated. It appears clear from the figures that 
chemical action is a wholly inadequate method of account- 
ing for solar radiation. To take one instance, we may 
mention that if the sun had been a globe of white-hot 
carbon, and if there had been a sufficient supply of 
oxygen to effect its combustion, the total heat generated 
by the entire mass would not supply the solar radiation 
for the period that has elapsed since the building of the 
pyramids. It is, therefore, clear that the supposition 
that the sun is a burning globe, like the supposition of 
the Sim as a cooling solid globe, is quite inadequate to 
explain the marvellous persistence with which, for count- 
less ages, the orb of day has distributed its beams. 

There is another supposition which, though not itself 
providing the explanation that we are searching for, still 
points so far in that direction that I have kept it till 
the last. It has been sometimes suggested that the dash- 
ing of meteoric matter into the sun from outside may 
afford the requisite supply of energy. There can be no 
doubt that the plunge of a meteor into the sun's atmo- 
sphere with the terrific velocity which it will necessarily 
acquire in consequence of the attraction of the sun, is 
accompanied by the transformation of the energy of the 
meteor's movement into light and heat. The quantity of 
energy that a meteor thus carries with it is so vast that 
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it 18 hardly credible until the figures which express it and 
the grounds on which they are based have received due 
attention. Let us think of a meteor which is moving, as 
such bodies do when near the earth, with a speed perhaps 
a hundred times as great as that of a bullet from a rifle, 
or even from one of the most finished pieces of artillery. 
The energy of the meteor, depending as it does upon the 
square of the velocity, will be, therefore, about ten thou- 
sand times that of the bullet of the same size. It seems 
that the energy thus possessed by a meteor one pound in 
weight is as much as could be developed by the explosion 
of a ton weight of gunpowder. Doubtless, in the vicinity 
of the sun, the meteors are more numerous, and they move 
with a vastly higher velocity than the meteors near the 
earth. It is therefore plain that the quantity of energy 
contributed to the sun from this source must be very large 
in amount. It can, however, be shown that there are not 
enough meteors in existence to supply a sufficient quan- 
tity of heat to the sun to compensate the loss by radia- 
tion. The indraught of meteoric matter may indeed cer- 
tainly tend in some small degree to retard the ultimate 
cooling of the great laminary, but its effect is so small 
that we can quite afford to overlook it from the point of 
view that we are taking in these pages. 

It is to Helmholtz we are indebted for the true solu- 
tion of the long-vexed problem. He has demonstrated, 
in the clearest manner, where the source of the sun's 
heat lies. It depends upon a cause which, at the first 
glance, would seem an insignificant one, but which the 
arithmetical test, that is so essential, at once raises to a 
position of the greatest importance. It is suffi.ciently 
obvious that the sun is in no sense to be regarded as a 
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solid body. It seems very unlikely that there can be 
throughout its entire extent any portion which possesses 
the properties of a solid ; certainly those exterior parts of 
the sun which are all that are accessible to our observa- 
tion are anything but solid : they are vast volumes of 
luminous material floating in gases of a much less lumi- 
nous nature. The openings between the clouds form the 
spots, while the mighty projections which leap from the 
sun's surface testify in the most emphatic manner to the 
gaseous or vaporous character of the outer parts of the 
great luminary. A gaseous globe like the sun when it 
parts with its heat observes laws of a very different type 
from those which a cooling solid follows. As the heat 
disappears by radiation the body contracts ; the gaseous 
object, however, decreases in general much more than a 
solid body would do for the same loss of heat. This is 
connected with a striking difference between the manner 
in which the two bodies change in temperature. The 
solid, as it loses heat, also loses temperature ; the gas, on 
the other hand, does not necessarily lose temperature 
even though it is losing heat. Indeed, it may happen 
that the very fact that the gaseous globe is losing heat 
may be the cause of its actually gaining in temperature 
and becoming hotter. This seems a paradox at the first 
glance, but it will be found not to be so when due atten- 
tion is paid to the different notions that belong to the 
words h'iat and temperature. The globe of gas unques- 
tionably radiates heat and loses it, and the globe, in con- 
sequence of that loss, shrinks to a smaller size. The heat, 
or what is equivalent to heat, that is left in the globe, is 
exhibited in a body of reduced dimensions, and in that 
smaller body the heat shows to such advantage that ihQ 
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globe octnallj exhibits a temperature hotter tliaQ before 
t^e loss of heat took place. 

In the facts jast mentioned ve have an explanation 
of the sustained heat of the sun. Of course we cannot 
assume that in our calculations the son is to he treated 
as if it were gaseous throughout its entire mass, hut it 
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approximates so largely to the gaseous state in the 
greater part of its bulk that we can feel no hedtation 
in adopting the belief that the true cause has been 
found. To justify the adequacy of this method of ex> 
plaining the facts I may mention the following result 
of a calculation. If the sun were to lose soffioient heat 
(o enable it to shrink in its diameter by one ten-thou- 
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sandth part of its present amount, the quantity of heat 
that would be available in consequence of this contrac- 
tion would suffice to provide the entire radiation for a 
period of 2,000 years. Such a diminution of the sun's 
bulk would be altogether too small to be perceptible by 
the most refined measurements that we can make in the 
observatory. Hence we are able to understand how the 
prodigious radiation of the sun during all the centuries of 
history can be accounted for without any alteration in 
the dimensions of the great luminary having yet become 
appreciable. 

But there is a boundary to the prospect of the con- 
tinuance of the sun's radiation. Of course, as the loss of 
heat goes on, the gaseous parts will turn into liquids, and 
as the process is still further protracted, the liquids will 
transform into solids. Thus we look forward to a time 
when the radiation of the sun can be no longer carried on 
in conformity with the laws which dictate the loss of heat 
from a gaseous body. When this state is reached the sun 
may, no doubt, be an incandescent solid with a brilliance 
as great as is compatible with that condition, but the 
further loss of heat will then involve loss of temperature. 

At the present time the body may be so far gaseous that 
the temperature of the sun remains absolutely constant. 
It may even be the case that the temperature of the sun, 
notwithstanding the undoubted loss of heat, is absolutely 
rising. It is, however, incontrovertible that a certain 
maximum temperature having been reached (whether we 
have yet reached it or not we do not know), tempera- 
ture will then necessarily decline. There is certainly no 
doubt whatever that the sun, which is now losing heat, 
even if not actually falling in temperature, must at some 
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ti'ms begin to lose its temperature. Then, of course, ite 
Capacity for radiating heat will begin to abate. The heat 
received by the earth from the great centre of our system 
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^nst, of coarse, decline. There seems no escape from the 
inclusion that the continuous loss of solar heat must 
still go on, so that the sun will pass through the varioua 
stages of brilliant inoandesocnoe, of glowing redneaB, of 
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dull redness, until it ultimately becomes a dark and non- 
luminous star. In this final stage the sun will only pass 
into that state in which the majority of the bodies in the 
universe are already found. Every analogy would teach us 
that the dark and non-luminous bodies in the universe are 
far more numerous than the brilliant suns. We can never 
see the dark objects, we can discern their presence only 
indirectly. All the stars that we can see are merely those 
bodies which at this epoch of their career happen for the 
time to be so highly heated as to be luminous. 

There is thus a distinct limit to man's existence on the 
earth, dictated by the ultimate exhaustion of the sun. It 
is, of course, a question of much interest for us to speculate 
on the probable duration of the sun's beams in sufficient 
abundance for the continued maintenance of life. Perhaps 
the most reliable determinations are those which have 
been made by Professor Langley. They are based on his 
own experiments upon the intensity of solar radiation, 
conducted under circumstances that give them special 
value. I shall endeavour to give a summary of the inter- 
esting results at which he has arrived. 

The utmost amount of heat that it would ever have 
been possible for the sun to contain would, according to 
this authority, supply its radiation for 40,000,000 years at 
the present rate. Of course, this doeis not assert that the 
sun, as a radiant body, may^not be much older than the 
period named. We haye j already .-.^een that the rate at 
which sunbeams are poured forth has gradually increased 
as the sun rose in temperature. .In the early times the 
quantity of sunbeams dispensed wias much less per annum 
than at present, and it is, therefore, quite possible that 
the figures may be so enlarged as to meet the requirements 
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of any reaaonable geological demand with regard to past 
duration of life on the earth. 

It seems that the sun has already dissipated about f our^ 
fifths of the energy with which it may have originally 
been endowed. At all eyents, it seems that, radiating 
energy at its present rate, the sun may hold out for 
4,000,000 years, or for 5,000,000 years, but not for 
20,000,000 years. Here then we discern in the remote 
future a limit to the duration of life on this globe. We 
have seen that it does not seem possible for any other 
source of heat to be available for replenishing the waning 
stores of the luminary. It may be that the heat was 
originally imparted to the sun as the result of some great 
collision between two bodies which were both dark before 
the collision took place, so that, in fact, the two dark 
masses coalesced into a vast nebula from which the whole 
of our system has been evolved. Of course, it is always 
conceivable that the sun may be re-invigorated by a repe- 
tition of a similar startling process. It is, however, 
hardly necessary to observe that so terrific a convulsion 
would be fatal to life in the solar system. Neither from 
the lieavens above, nor from the earth beneath, does it 
seem, possible to discover any rescue for the human race 
from the inevitable end. The race is as mortal as the 
individual, and, so far as we know, its span cannot under 
any circumstances be run out beyond a number of millions 
of years which can certainly be told on the fingers of both 
hands, and probably on the fingers of one. 



CHAPTER XII. 

THE " BEAT WAVE " Or 18»2. 

BING- the coarse of ibe sommer 

>f 1893 the papers freqaently 

leecribed in sufficiently sbikiDg 

paragraplifi the abnonoaUy high 

temperature which was experi- 

moed in many parts of the 

^lobe. The first tidings of this 

aaturu reached us from America. Thus we read that on 

the 29th of July the thermometer in the streets of New 

Tork had risen to as much as 101° and 102° in the shade. 

At the meteorological station in that city, where, no 

doubt, every precaution was adopted to insure accoraoy 

in the record, we find that a temperatnre of 99° waa 

indicated. The next day — July 30 — the asoent of the 

mercury still continued, and we hear that an observation 

in the Fifth Avenue showed oa much as 107° in the shade. 

This, however, seems to have been the culmination t^ 

what had been somewhat absurdly designated " the great 

heat-wave." On July 31 the warmth had begun perceptibly 

to decline, though it was still terribly oppressive. 

The descriptions received from various partu of the 
North American continent show that the heat was almost. 
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if not quite, as great in many other places as it was in 
New York. From north and south, from east and west, 
we heard of abnormally high thermometers ; we were told 
that in many localities the work in factories had to be 
discontinued, as the hands could not stand the heat. In 
some towns business seems to have been temporarily 
suspended, and the traffic in the streets ceased during the 
hottest part of the day. It was also reported from many 
places that heavy losses were experienced by the death of 
sheep and cattle. Nor was the great heat-wave without a 
tragic aspect. We read of a large number of oases of 
sunstroke occurring in various parts of America, many of 
which termiuated fatally. 

So far as we are able to form a picture of what actually 
happened, it would seem to have been one of the most 
protracted and calamitous spells of heat that have ever 
been recorded in America. It has been remarked as 
a somewhat peculiar feature, that there was an almost 
total absence of wind at the time when the heat was 
greatest ; and it may also be recorded that the air was 
at the time largely charged with humidity. Every one 
who has had any experience of tropical heat knows 
that the suffering caused by an excessively high tempera- 
ture is greatly enhanced if the air be saturated with 
moisture. Evaporation is then almost at a standstill, and 
one of the means by which the temperature of the body 
is kept down is so far rendered inoperative. I recollect 
being told by an officer who was in the Ashantee Expedi- 
tion many years ago, that notwithstanding the excessive 
heat of the coast off which their ships lay at anchor, there 
was practically no evaporation, owing to the air being 
^turfit^d with pioi^tur^. The towels which were hun^ up 
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to dry in the morning remained wet till evening, eren 
though the tropical sun beat on them all the day long. 
Htot of a somewhat similar character appears to have been 
experienced in America at the end of last July. 

It was about a fortnight or three weeks after the New 
World had its scorching that the Old World was visited 
by the great heat-wave. Tip to the beginning of August 
there does not seem to have been anything unusual in 
European temperatures ; thus, for instance, at Berlin, on 
August 1, the highest thermometric reading was 72^, and 
the lowest 61^ Even on the 7th of August, the greatest 
and least temperatures at Vienna were no more than 
70^ and 61^ respectively, but towards the middle of the 
month the ascent of the mercury in the thermometer 
became marked and rapid all over Europe. 

By the 17th of August, a temperature had been reached 
at Vienna which seems to have rivalled that attained at 
New York nineteen days previously. We read that on 
the following day (18th of August) the thermometers at 
Vienna showed 107^ in the shade ; the telegrams declare 
that the streets are deserted, and considering what the 
feelings of the reporter must have been who described it, 
we excuse his exaggeration that the Bingstrass was *' like 
a furnace." 

On the 19th, Berlin is reported to be almost unbearable, 
and, on the same day, we read that the heat is tropical at 
Paris, where there have been many fatal cases of sunstroke. 
It is further stated that 100 oxen and 300 pigs were found 
dead from the heat in the railway trucks as they arrived 
in the meat-market at Villette. 

On August 22, the phase described in the papers as 
" almost unbearable '' is recorded at Vienna, and that this 
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language is justified will be obvious irom one fact which 
is mentioned in the same connection. It appears that a 
body of troops which were out for mancBUvres in the 
neighbourhood of Vienna during this terrible weather, 
suffered so severely that there were 200 cases of sunstroke 
among them, and many of those so attacked did not 
recover. About the fourth week in August, England 
experienced in some small measure the effects of the great 
heat-wave. But only in small measure, because we happen 
to lie on the margin of the globe area which was the seat 
of the high temperature. However, it may be remarked 
that for two or three days, an unusually high thermometer 
prevailed in South-Eastem England. On August 24, 80^ is 
recorded in the shade at Dover, and on August 23 and 24, 
the highest and lowest indications of the thermometer at 
London were 80° and 59° respectively. It follows that the 
temperatures attained in this country fell far short of 
what was experienced in so many places on the Continent, 
nor did the unusual heat which was reached last long in 
Great Britain. We find that by the 24th and 25th of 
August, the range at London had so far declined that the 
highest and lowest points were 75° and 62° respectively. 
It was not till some days later that the decline really set 
in on the Continent ; for on the 25th of August, there was 
still a temperature of 89° in the shade at Vienna. On the 
26th of August, which is the last record of the great wave 
that we shall here set down, the thermometer shows 
84° at St. Petersburg, the report accompanying it with 
the eipphatic word " scorching.*' 

From the various facts we have set forth it appears that 
towards the end of July an extraordinarily high tempera* 
ture, even for that period of the year, prevailed over a 
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very large part of the North American continent. The ro- 
oalled heat-wave then seems to have travelled eastward, and 
crossed the Atlantic Ocean, hut, owing to the absence of 
information, except in such casual records as may be found 
by an inspeetion of ships' logs, we know little or nothing 
of the actual progress of the heated region across the 
Atlantic. However it may have come about, it is, at all 
events, certain that a fortnight after the occurrence of 
unusually great heat in the New World there was a 
similar experience in the Old World. Our knowledge of 
the distribution of temperatures over the whole globe is 
too incomplete to enable us to follow the movements of the 
great wave as fully as we might desire. No doubt our 
own Meteorological Office does most admirable work, and 
of course many other countries have more or less complete 
organisations for the study of meteorological phenomena, 
yet our information as to the thermal condition of the 
globe still falls short of what we would like to have. Cer- 
tain materials are, however, available, and we shall endea- 
vour to throw what light we can on the matter. 

We often hear the question asked as to what was the 
cause of this exceptional heat. Let me hasten to say that 
neither in these pages nor anywhere else could I attempt 
to answer this question in the sense in which it has 
usually been proposed. It is very doubtful whether it 
would be possible to assign a ringle cause for such a pheno- 
menon, even if we knew many things of which we are now 
completely ignorant. Indeed the most difficult problem 
of astronomy becomes simplicity itself when compared 
with the extraordinarily complex agents that are in opera- 
tion even in the simplest meteorological phenomenon. 
Let me illustrate this contrast between the two sciepces by 
^ example. 
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The movement of the moon is one of the most pro- 
found dynamical problems. It depends principally on 
the attraction of the earth, and in a lesser degree on 
the distorbanoe caused by the sun. The forces thus 
arising can be submitted to calculation, and though the 
work involyed is extremely abstruse, and though it implies 
a prodigious amount of numerical labour, yet it can be 
completely solved for all practical purposes. The conse- 
quence is that the motions of the moon have become so 
well known that we can foretell not only the hour but even 
the minute at which eclipses will occur next year or in a 
hundred years to come. Contrast the certainty of this 
knowledge with the vagueness of our knowledge of meteo- 
rological phenomena. We can tell you precisely where 
the moon will be at noon next Christmas Day, or, for that 
matter, where the moon will be at noon on Christmas Day 
in the year 1994. But who can tell what the temperature 
will be at noon next Christmas Day on London Bridge P 
No scientific man could venture on such a prophecy. He 
knows that he has no data to go by. The number of 
causes which are in operation is so great that the problem 
becomes of a highly complex nature. There is, however, 
a certain mathematical principle which applies in this case. 
It does not, indeed, enable us to predict the actual amount 
of any meteorological element, but it appears to demon- 
strate with all desirable fulness that there must be definite 
laws governing the changes of the different meteorological 
elements if only we were able to discover them. 

The argument on which we are about to enter is per- 
haps a somewhat difficult one, but it will be worth while 
to face it. The method indicated seems to offer the only 
hope of oipr oyer at^ining such ^ knowledp;e of meteor^- 
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logical phenomena as will enable ns to rise to the supreme 
position of being able to predict the facts of climate with 
assured accuracy, and for a long time in advance. Let us 
first enumerate some of the particular phenomena which 
are necessarily more or less connected together. 

The most fundamental of all the elements concerned is 
the pressure of the air as indicated by the barometer ; then 
there is the temperature of the air and the degree of its 
saturation^ the amount and character of the clouds, the 
rainfall, together with comparatively exceptional incidents 
such as hailstorms and thunderstorms. At present, no 
doubt, we are enabled, by the careful collection of obser- 
vations all over the world, to predict in some degree the 
recurrence of these phenomena. Our newspapers give us 
each morning a forecast of the kind of weather that may 
be expected. But every one knows that, though these 
forecasts are often useful, they yet have a very inferior 
degree of accuracy to the kind of prediction which we 
find in the '' Nautical Almanac," where the occurrence of 
an eclipse of the moon, or of an occultation of a star, or a 
transit of Yenus, or any similar astronomical event, is fore- 
told with definiteness and with perfect certainty of fulfil- 
ment. Yet no one can really doubt that the temperature 
at London Bridge next Christmas Day, or the height of 
the barometer at noon on January 1, 1900, are each of 
them quite as certainly decided by law as the time of high 
water or any other astronomical element. 

We know that there will be a transit of Yenus in 
the year a.d. 2004, and that there will be no such 
phenomfflion until then, while there will be a repetition 
of the occurrence in a.d. 2012. It is certain that these 
predictions will be fulfilled, yet why is it that we can 
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make no assertion of a similar character with regard 
to the meteorological phenomena P The one is just as 
amenable to law as the other, but the difference is that 
the extreme intricacy of the causes which affect the 
meteorological phenomena have hitherto prevented us 
from discovering the laws by which they are regulated. 

Perhaps the differences between the state of our know- 
ledge of the astronomical and of the meteorological 
phenomena will be more conveniently explained by choos- 
ing a branch of astronomical science with which we are 
at present only imperfectly acquainted. Let us take, for 
instance, the showers of shooting stars, which are wont 
to occur on November 14-16. Every one knows that 
there was a superb display from this shower in 1866, and 
there were some reasons to expect that there might also be 
a superb display in 1899. As will be well remembered, this 
expectation was not realised, so we only cite the illustra- 
tion to point out that there are certain kinds of expectation 
which stand on a very different plane from astronomical 
predictions of a more legitimate character. 

Nor is it hard to see the reason why this is so ; we 
know in a general way the orbit of that swarm of bodies 
whose incursions into our atmosphere give us shooting- 
star showers. There are, however, many circumstances 
in connection with the movements of these little objects, 
which as yet are only imperfectly disclosed to us. We 
have no very accurate knowledge as to the manner in 
which the shoal of meteors is disposed around the vast 
ellipse which constitutes its path, and consequently our 
predictions must necessarily be put forth with some feel- 
ing of insecurity. It is quite certain no doubt that the 
earth crosses the track of the meteors every November 
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12 — 14^ and it may also be regarded aa tolerably certain 
tbat when the earth is in this poeition in the year 1899 
the shoal of little bodies wiU be in oar yieinity. We 
believe that the earth will actually pass through the 
shoal, in which case a great meteoric display will be the 
result — \1 the weather permits I It may, however, happen 
that we shall only traverse a sparsely occupied portion of 
the great host, in which case the shower will fall much 
short of others which have been recorded. An enormous 
volume of quite unattainable knowledge would have to be 
at our disposal were we to be able to predict with certainty 
all the circumstances of such phenomena ; we should hav^ 
to know exactly what meteors there were in the shoal, 
and the dimensions and other features of the orbit which 
every single meteoroid followed. If such knowledge as 
this were possible, then the future circumstances of the 
shower might be predicted with almost as much accuracy 
as the announcement of the next eclipse or the next 
opposition of Mars. 

This illustration will suffice to explain the reasons why 
our knowledge of meteorological phenomena is at present 
in such an imperfect state as compared with those of 
astronomy. The supreme test of the completeness of any 
physical theory is the successful prediction of results — 
we are not yet able to predict great heat-waves or great 
storms with any assured confidence, not because such 
phenomena do not observe definite physical laws, but 
because the knowledge that we should require before we 
could exactly specify these laws is in a great measure 
wanting. We are, however, not without grounds for 
encouragement in the belief that the time may yet come 
when the definite prediction of meteorolo^cal phenomen# 
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may become possible. An instructiye illustration of the 
direction in which we may look for success is afforded by 
the study of the tides. Of late years the problem of tidal 
prediction has occupied a great deal of attention, and by 
the labours of Lord Kelvin, Sir George H. Darwin, and 
others, the investigation has received a completeness which 
renders it a typical example of how the solution of a 
problem of this kind is to be attained. 

If we are ever to progress in meteorological prediction 
we can only do so by following the same iines which have 
already been pursued with striking results in the case of 
the tides. Of course the tides primarily depend on the 
attraction of the moon, but to a secondary extent the 
great undulations of the ocean are affected by the influ- 
ence of the sun. As the movements of both these heavenly 
bodies may be regarded as sufficiently known, the matter 
of tidal prediction would be indeed a simple affair were 
there no other element to be taken into consideration. 
But the time of high water at any port as well as the 
actual height which the water attains are by no means 
regulated solely by the positions of the sun and moon ; it 
is the configuration of the surrounding coasts, the depths 
of the seas in the neighbourhood, the proximity or the 
remoteness of the open ocean, and other purely local cir- 
cumstances which affect the result — all these have to be 
taken into account. 

The most instructive method of exhibiting the present 
state of tidal theory is given by Lord Kelvin's tide- 
predicting machine. In this arrangement the difference 
between what we may call the astronomical factors 
and the terrestrial factors of the tides, is clearly brought 
out. A cord passes over a number of pulleys and the 
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centres of each of these pulleys are made to reyolve 
in periods which are determined by the movements of 
the son and moon. When the machine is to be em- 
ployed for predicting the tides in any particular port, 
the positions of all these pulleys must be set so to speak 
in conformity with certain individual circumstances con- 
nected with the particular port — ^thus, though the tides nt 
Madras are totally different from the tides at London 
Bridge, yet the same machine may be used to calculate 
both. The fundamental movements of llie machine are 
constant for all ports, but the various pulleys will in the 
one case have to be set in conformity with the local con- 
ditions of Madras, and in the other case they would have 
to be set in conformity with the local conditions of London 
Bridge. Two totally distinct tide-tables, appropriate 
however to the tw6 ports named, could thus be generated 
by the revolutions of this useful machine. 

It would perhaps be too much to anticipate that the 
time will ever come when meteorological phenomena shall 
admit of being worked out by a machine on the principle 
of the tide-predicting engine. But yet it does not seem 
altogether vain to strive for such a result. We can, in 
fact, give some reasons for indulging a hope that some- 
thing of this kind may yet be accomplished. In the first 
place it is perfectly clear that the radiation of heat from 
the sun must be the chief factor in the variations of all 
meteorological quantities. The fluctuations of tempera- 
ture with the changing seasons are among the most 
obvious instances of the connection between the sun and 
the climate, but it may be shown that the changes of 
every other meteorological element are also primarily 
dependent on the sun. 
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Let ti8 take, for instancey the pressure of the air as 
indicated by the height of the barometer, and show 
that the oscillations of the mercury must be due to the 
sun. Imagine for a moment that the sun were to be 
extinguished, . one consequence of the cessation of the 
arrival of heat at the earth would be that winds would 
blow no longer. There could be hardly any movements 
whatever in the air except such as might arise from 
atmospheric tides. Perhaps also I ought to add that 
the internal heat of the earth as manifested by earth- 
quakes or by occasional volcanic outbreaks might produce 
some local and temporary disturbance of the air. It is, 
however, quite certain that such influences would have 
very slender effects on atmospheric pressure. The argu- 
ment will at all events suffice to show that the fluctuations 
of the barometer to which we are accustomed are almost 
entirely attributable in one way or another to the action 
of the sun. It can similarly be shown that the changes 
in every meteorological element will depend primarily 
upon the great luminary. In some cases, of course, the 
rotation of the earth on its axis is also an important ele- 
ment, and to some minute degree the moon must be 
reckoned with. But when these influences have been 
considered, we have no further concern with the heavens ; 
it is the topographical features of the earth which com- 
plete the determination of all meteorological quantities. 

I cannot here go into the discussion of a celebrated 
mathematical theorem which bears the name of Fourier. 
It seems, however, to demonstrate that any meteorologica] 
element, such as the height of the barometer or the tem- 
perature, must admit of being expressed in a somewhat 
similar fashion to the height of the tide. No doubt the 
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arrangement of pulleys- would have to be extremely com- 
plex, 80 as to enable the elements to be determined which 
were dependent upon so many considerations. It is, 
however, quite plain that if we are ever to succeed in 
subjecting meteorological phenomaia to numerical preci- 
sion it must be in some such direction as I have indicated. 
To put the matter a little more plainly ; we have reason 
to believe that a system of pulleys could be so arranged, 
and the relative movements of them could be so actuated, 
that a cord passing over those pulleys and adjusting a 
pencil could be made to show the height of the barometer 
for every day in the year at a given place. A similar 
machine might also be conceived which should show the 
temperature at any stated locality for every hour in the 
year. I do not for a moment assert that the information 
at present at our disposal would enable us to construct 
such machines. All I am now contending for is that 
mathematical theory seems to declare the possible realisa- 
tion of such contrivances. The fact that an engine has 
already been constructed for the comparatively simple 
case of the tides leads us to hope that the time may arrive 
when meteorological CDgines shall have been designed by 
which meteorological prediction shall become as deter- 
mined as the prediction of high water. 

This discussion will at all events enable us to make 
some reply to the question which has been often asked, as 
to what was the cause of the great heat-wave. I do not 
indeed think that the question admits of any o£E-hand 
answer of the kind that is frequently expected by those 
who ask it — ^the only kind of answer that seems possible 
is of a somewhat indirect character. We may here again 
revert to our illustration of the tides. It sometimes hap* 
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pens that an unusually high tide occurs. In the port of 
Dublin, for instance, we have had from time to time 
exceptionally high water in the Liffey, which has flooded 
the basement stories of low-lying dwellings. The cause 
of such extraordinary phenomena is not to be attributed 
to any unusual development of the strength of the moon's 
tide-producing capacity, it is rather to be explained in a 
manner which the tide-predicting engine renders easy to 
understand. Besides the main lunar tide and the main 
solar tide, there are several minor tides, so to speak, 
arising from the different combinations of the movements 
of the sun and moon. Each pulley in the tide-predicting 
engine is, in fact, allocated to each particular tide — the 
consequence is, that the height of the water at any mo- 
ment is the net result of one or two large tides, and of a 
number of small ones; thus, for instance, every one 
knows that the spring tides, as they are called, are excep- 
tionally high because the sun and moon conspire ; while 
the rise and fall at the time of neap tide are comparatively 
small^ because then the solar tides act oppositely to the 
lunar tides, and what is actually perceived is only the 
difference between the two. There are also the numerous 
minor tides to be considered ; of course, it will not gene- 
rally happen that these are all consentaneous: some of 
them are high and some of them are low, and others may 
be at intermediate phases at the time of high water, as 
determined by the great predominating tide. But it is 
eaey to imagine that every now and then, under excep- 
tional circumstances, there will happen to be a concurrence 
between the time of high water in the small tides and in 
the great ones. Then, of course, there will be the excep- 
tional flooding that is occasionally experienced. 

T 
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It 18 somewhat in this manner that we must seek to 
explain what is called the great heat-wave. The tempera- 
ture at any place has of course the main annual period 
corresponding to the variation with the seasons, but there 
are many other periodic fluctuations in the temperature 
analogous to those minor tides to which we have already 
referred. Generally speaking, of course, these will not all 
conspire ; some will be tending to elevate the temperature 
and others to depress it at any time. It is the net result 
of all that we actually perceive. Sometimes, however, it 
will happen that several of these, or at all events some of 
the more important ones, move in the same direction; 
then of course we have great exaltation of temperature 
such as that which the newspapers have called the great 
heat-wave. 

It is, however, quite possible that certain changes in 
progress on the sun may act in a specific manner on our 
climate. I do not indeed say that there is much reason for 
thinking that the great heat-wave has really been con- 
nected with any intrinsic changes in our luminary, but it 
is just possible that something of the kind may have 
occurred. I would consequently like to devote some little 
space to the consideration of this interesting subject. 

In the discussion of such a question there is a funda- 
mental point which must always be borne in mind. We 
must remember the full extent of the earth's indebtedness 
to sunbeams. We have spoken of a temperature of 100*^ 
during the continuance of the great heat-wave, and it is 
necessary to understand all that this implies. Of course, 
on our thermometric scale a temperature such as we have 
mentioned merely means 100® above a certain arbitrary 
sero^ but the sun has sent us more heat than those hundred 
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degrees express. If the sunbeams were totally intercepted, 
so that the earth derived no heat whatever from this 
source, the temperature of our globe would fall not merely 
to zero, but it must sink down to a point far below zero, 
even to the temperature of space itself; what this may be 
is a matter of some uncertainty, but from all the evidence 
attainable it seems plain that we may put it at not less 
than 300*^ below zero. It therefore follows that at the 
time of the heat-wave, when the thermometer indicated 
100**, the sun's beams actually maintained the affected region 
of the earth at 400^ above what it would have beeo if the 
sun were absent. This will show us that the heat-wave was 
not after all such a very exceptional matter so far as the 
sun was concerned. Had the temperature been only 
80^ at New York we should never have heard of the sun- 
strokes and all the other troubles; it was the extra 
20** which made all the difference — in other words, so 
long as the sun merely kept the earth about 380** above 
the temperature of space no one thought anything about 
it, but the moment it rose to 400** it was expected that 
something tremendous must have happened. This way of 
looking at the matter places the great heat-wave in its 
proper cosmical perspective ; it was no such great affair 
after all ; it merely meant a trifling addition of 5 per cent, 
to the temperature usual at that season — that is to say, 
when the temperature is measured in its proper way. This 
shows us that a very trifling proportional variation in the 
intensity of the sun's radiation might be competent to pro- 
duce great climatic changes. It seems hardly possible to 
doubt that if, from any cause, the sun shed a small per- 
centage of heat more than it was wont to do, quite dis- 
proportionate climatic disturbances would be the result. 
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It cannot be denied that local if not general changes in 
the sun's temperature must be the accompaniment of the 
violent disturbances by which our luminary is now and 
then agitated. It is, indeed, well known that there are 
occasional outbreaks of solar activity, and that these recur 
in a periodic manner; it is accordingly not without 
interest to notice that the present year has been one of 
these periods of activity. We are certainly not going so 
&r as to say that any connection has been definitely 
established between a season of exuberant sun-spots and a 
season remarkable for excessive warmth, but, as we know 
that there is a connection between the magnetic condi- 
tion of the earth and the state of solar activity, it is by 
no means impossible that climate and sun-spots may also 
stand in some relationship to each other. 

As to the activity of the sun during the hot summer, a 
very striking communication was made at the time by one 
of the most distinguished American astronomers. Professor 
George E. Hale. He has invented an ingenious appa- 
ratus for photographing on the same plate at one expo- 
sure both the bright spots and the protuberances of the 
sun. Professor Hale delivered an interesting lecture at a 
meeting of the American Association for the Advancement 
of Science at Rochester. A report of this lecture appeared 
in Nature^ in which we are told of a remarkable applica- 
tion of Professor Hale's apparatus. On the 15th of July 
a photograph of the sun showed a large spot. Another 
photograph taken in a few minutes exhibited a bright 
band; twenty-seven minutes later a further exposure 
displayed an outburst of brilliant faculas all over the spot. 
At the end of an hour the faculas had all vanished, and 
the spot was restored to its original condition. It was not 



& mere coincidence that our magnetic obseryatories 
exhibited considerable disturbance the next day, and that 
brilliant auroras were noted. The whole communication 
was of such an interesting description that we are not 
surprised to hear that a vote of thanks was passed to Pro- 
fessor Hale amid much enthusiasm. It is quite plain that 
we have yet much to learn concerning the effect of the 
sun on things terrestrial. This new method, in which 
Professor Hale has extended and improyed the processes 
of his predecessors^ is full of hope for the future. 



CHAPTER 5III. 

VISITORS FROM THE 8KT. 

ETEOKITES have qnito a peculiar claim 

OD the attention of the astronomer. No 

doubt the spectrOBcope providee bim 

with the means of demonstrating in- 

ferentially the existence of iron, and 

of many other terrestrial elements 

both in the sun anA in many of the stars. But he is 

actually able to handle something which has come from 

the outside to the earth when he is in poBsession of a 

meteorite. Then, too, the movements of meteorites have 

a oertfun significance both for the astronomer and the 

mathematician. It is true that only the last stage of its 

wild career can be observed, for the flight of the meteorite 

for millions of preceding years is quite unknown, so fur 

as any direct observations are conoemed. The observer 

never beholds one of these bodies until that supreme 

moment when at the conclusion of its incalculable journey 

it flashes from the sky and strikes the earth beneath. 

The history of these objects before they are plunged into 

oar atmosphere can only be ascertained by conjecture. 

I do not mean to say that we have no definite information 

by which to guide such conjectures. The laws of 
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dynamics are fortunately available, and though they do 
not, it is to be regretted, convey all that we should like 
to know, yet still they teach us something with regard to 
the movements of the meteorites, and thus conduce to the 
solution of the great problem of their origin. 

I am Mly aware that there is considerable diversity of 
opinion as to the origin of meteorites. To me, however, 
it appears that the source of these bodies ought not to be 
a matter of much uncertainty. At the conmienoement of 
the inquiry it will be well to remove what is, I believe, a 
not unconmion misconception with regard to the character 
of meteorites. There can be no doubt that one of these 
bodies is often accompanied in its descent to the earth by 
a flash of fire, and not unfrequently a loud detonation 
announces at the same time that some violent disrup- 
tion of a mass of matter has taken place. To this 
extent the fall of a meteorite presents phenomena resem- 
bling those which often accompany the apparition of a 
great fire-ball. In fact I suppose it can hardly be doubted 
that many of the fire-balls not recognised as meteoritic 
might have let fall mineral masses under somewhat differ- 
ent circumstances of impact upon the earth's atmosphere. 
But now comes one of the difficulties in the subject. 

In general great fire-balls are little more than con- 
spicuous shooting - stars, and there are shooting - stars 
of every dimension from those which illumine a country 
side with splendour down to the little streak of 
light which can only just be discerned as it flashes 
through the field of a powerful telescope. A noteworthy 
circumstance which interests the student of shooting-stars 
is their periodical exhibition in splendid displays. I allude 
to such a great shower as that of the Leonids which took 
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place in 1866, and to other showers from the same 
system which have appeared in such a- way as to indicate 
their recurrence in a period of thirty-three years. It 
appears perfectly certain that a distinguishing line has 
to be drawn between those bodies which dash into the 
atmosphere to be hurled to the earth as meteorites, and 




Fig. 34. — ^Tlie Orbit of the Leonids which prodnoed the Great Shower 

in 1866. 

those shoals of little bodies which constitute the great 
meteoric showers. 

This is, I know, a point about which there is much dis- 
agreement among astronomers. Excellent authorities 
have maintained that there is perfect continuity between 
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these different classes of objects. Those who hold this 
view urge that a shower of shooting-stars is merely the 
^gg^egfl'tion on a grand scale of the isolated or sporadic 
shooting-stars which are always more or less to be seen, 
and they affirm that between these occasional shooting 
stars and the mightiest fire-ball there is a perfect con- 
tinuity, exhibited by the fact that shooting-stars of every 
gradation of lustre are from time to time observed. They 
are thus led to regard meteorites as congenerous with the 
objects which appear in shooting-star showers. In this 
inference I am convinced that a serious mistake has been 
made. 

One of the most important results of the great shower 
of 1866 was the demonstration that the swarm of little 
bodies to which that shower owed its origin was connected 
with a comet. The swarm was found in fact to follow the 
exact track which the comet pursued round the sun. So 
remarkable a coincidence could not reasonably be accounted 
for on any other supposition than that the meteors, if not 
themselves actual fragments of the comet, were at all events 
so closely connected with it, that they could not have 
come from any source very different from that in which 
the comet itself took its rise. This remarkable discovery 
made with regard to the Leonids may be illustrated and 
confirmed by similar discoveries of a cometary association 
in the case of other notable meteoric displays. Probably 
one of the most remarkable episodes in the whole of this 
branch of astronomy is connected with Biela's comet. It 
was known that the body so named revolved in a certain 
orbit, and a highly dramatic proof was rendered that a 
shoal of meteors were its fellow-travellers along the 
same path. As, however, I have discussed this episode 
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in my Work entitled ^^ In Starry Realms/' I need not noW 
do more than refer to what has been there said. 

Of this connection between oometary orbits and revolY- 
ing swarms of meteors, many other instances could be cited. 
I may refer to the remarkable lists published by the British 
Association, in which, beside the name of the comet or 
the designation which astronomers had affixed to it, the 
meteoric swarm with which the comet is associated is 
also given. The day of the year on which the earth 
crosses the track pursued by the comet is the day on 
which the shower of meteors appropriate to that comet is 
to be expected when the proper interval of entire years 
has elapsed. The position of the *' radiant,'' or point on 
the heavens from which the meteors appear to diverge, is 
exactly that point in the sky where the comet would be 
seen as it approached the point of crossing over the earth's 
track by an observer stationed at the crossing. When a 
meteoric shower appears on the day that has been foretold 
from the attitude of the cometary orbit, and when the 
radiant from which the shooting-stars of that shower are 
directed also occupies the precise position on the sky 
which has been indicated by the comet, it is then impos- 
sible to refuse assent to the belief that the meteors and 
the comet are in direct association, even if we cannot 
distinguish that one is the cause, and the other the 
effect. 

On these grounds it appears to be perfectly certain that 
the origin of the shooting stars which appear in swarms 
cannot be dissociated from the origin of the comets by 
which those swarms are accompanied. This fact seems 
to lead to a demonstration of the important truth that 
meteorites have no affinity whatever with the ordinary 
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shooting-stars. Whatever may be the nature of the belief 
entertained with regard to comets in other respects^ it 
seems quite impossible to regard these bodies as composed 
of materials in anything like the same forms as those 
which we find in a meteorite. No doubt the mere 
elements present in comets may be much xthe same as 
those from which meteorites are constituted. In illus- 
tration of this I need not do more than refer to the single 
element iron. It seems to have been demonstrated that 
iron is a constituent of certain great comets. This same 
element is of course a leading component of meteorites, 
and it might therefore be contended that to this extent 
there was an affinity between the two different classes of 
bodies. It may also be added that sodium has been found 
both in comets and in meteorites, while a still more strik- 
ing instance is presented in the case of the element car- 
bon. This remarkable substance often seems to be one of 
the principal constituents in a comet, in so far at least as 
the spectra of those bodies may be regarded as indications 
of the proportions in which the different elements 
have united to form it. A curious discovery with regard 
to the composition of meteorites has been the detection 
of graphite, as well as of carbon in other forms. Indeed, 
it may be noted as an interesting circumstance that M. 
Moisson, in his recent investigations of a meteorite from 
the Canon Diablo, detected the presence of minute par- 
ticles of carbon which possessed the hardness of diamonds. 
But while we admit all this it seems that the evidence 
on the other side is &r too strong to permit us to regard 
comets, and meteorites, as derived from the same source, 
or as standing to each other in any particular relation. 
It would be easy to over-estimate the significance of 
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whatever argument may be derived from the aimilaritjr in 
ultimate chemical oompoBition. It must be remembered 
that one of the most remarkable results of spectroscopic 
analysis has been to suggest the practical identity as to 
ultimate composition of the different bodies of the solar 
system. There is no good reason to believe^ so £Ar as 
spectroscopic evidence is concerned, that there are any 
considerable number of elements present in the sun, in 
addition to those elementary bodies with which terrestrial 
chemistry has made us acquainted. There is no doubt a 
mysterious indication of some possible element of an 
extremely light description in the solar corona, for which 
the name of '' coronium " has been suggested ; and there 
is also some element known as '' helium " which is believed 
to be found in the prominences. But the existence of the 
bodies so designated is still undemonstrated ; and even if 
it were» the presence of the bodies of such a character 
would not affect our present argument. 

It is therefore not surprising that the elementary bodies 
which have been discovered in the meteorites should 
resemble those already known on the earth. Nor need it 
be a matter for astonishment if the materials found in 
comets should resemble those found elsewhere throughout 
the solar system. I therefore think that we are war- 
ranted in refusing to draw any inference from the fact 
that iron is presenti both in some meteorites and in some 
comets^ with reference to the presumed relationship be- 
tween these two flssnns of celestial objects. They both 
have iron and carbon simply because they both belong to 
the solar system, where iron and carbon are elements 
which appear to be widely distributed. No one will be 
likely to doubt that iron and carbon are both present in 



yiSITORS FROM THE SKY. 



the planet Mara, althougb it is true that, from the nature 
of the caBOf direct speotroecopic evideooe cannot be cited 
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on the matter. Nor will it be questioned that iron and 
carbon are both presumable constituenta in the mighty 
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ma80 of Jupiter, and yet no one will, on that account, 
claim tliat meteorites have been deriyed from that 
planet. 

The identity of the actual materials in the varied 
bodies of the solar system is so striking^ that it would 
now seem wonderful if any object which undoubtedly 
belonged to that system contained materials to any con- 
siderable extent not otherwise known to us from their 
presence in the earth. It appears that there is, therefore, 
no force in the argument which would connect meteorites 
with comets, merely because iron and some other sub- 
stances have been found common to both. On the other 
hand, the very form in which the iron is found in 
meteorites, and the condition in which iron must exist in 
bodies possessing the nature of i)omets, seems to afford 
conclusive evidence that the origin of meteorites, and the 
origin of comets, must be sought for in widely different 
directions. 

Everything we know with regard to the structure 
or texture of a comet, seems to demonstrate that it 
is not in the least likely to contain solid masses of 
which meteorites might be fragments. Take, for instance, 
the ordinary telescopic comet of which some half-dozen or 
so come to visit our system every year. Such a body is 
a light volume of gas or vapour far less dense than the 
lightest cloud that ever floated in a summer sky. In- 
deed, it is well known that, as such a comet in its 
progress across the heavens passes between us and the 
stars, those stars are often seen twinkling brilliantly right 
through the many thousands of miles of oometary matter, 
which their rays have to traverse. The lightest haze in 
Mur atmosphere would suffice to extinguish the faint 
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gleam of these small stars; indeed a few feet of mist 
would have more power of obstructing the stellar light 
than cometary material scores of thousands of miles 
thick. 

It is true that the central portions of many of these 
comets often exhibit much greater density than is found 
in the exterior regions. Still, in the great majority of 
such objects, there is no opacity even in the densest part 
sufficient to put out a bright star. In the case of the 
more splendid bodies of this description, it may be sup- 
posed that the matter is somewhat more densely aggregated 
as well as more voluminous. Still, however, it will be 
remembered that the great comet of 1858 passed over 
Arcturus, and that the star was seen shining brilliantly 
notwithstanding the interposition of a cometary curtain 
millions of miles in thickness. So far as I know, no case 
is known in which the nucleus of a really bright and 
great comet has been witnessed in the act of passage over 
a considerable star. It would 'indeed be extremely inter- 
esting to ascertain whether in such a case the star expe- 
rienced any considerable diminution in its lustre. 

There is a delicate method of testing the quantity of matter 
which a comet might possess in the vicinity of its nucleus. 
If there were any substantial quantity of gaseous matter, 
it is plain that though the rays from the star might not 
be altogether extinguished, or might not even be largely 
reduced in lustre, yet the apparent direction of the 
star must be deflected from its course by refraction through 
the comet. It is well known that when a telescope is 
used to observe a star, it is not generally pointed exactly 
in the direction of the star, because the light which it is 
sought to observe has been bout in its passage throu^^h 
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the atmospbere surrounding the earth, so that the direo* 
tion in which the light enters the telescope is somewhat 
different from the direction which the light had when it 
first encountered the atmosphere at an altitude of some 
hundreds of miles. The amount of this change in the 
direction of a ray by refraction is by no means incon- 
siderable, and the practical astronomer has always to allow 
for it. At sunset, for example, the light from the depart- 
ing orb is bent to such an extent, that at the time when 
the sun has really sunk below the horizon it still appears 
to be above, on account of the curyature in the rays pro- 
duced by atmospheric refraction. If, therefore, the light 
from a star had to traverse in its passage through the 
comet any quantity of vapour at all comparable in re- 
fractive power to the earth^s atmosphere, that light would 
be deflected to an extent which could not be overlooked 
in the refined methods of modem astronomy. 

Here then we have a delicate means for investigating 
the quantity of refractive matter in a comet. The obser- 
vations are conducted in this manner. Two neighbouring 
stars are selected which are so placed with regard to the 
movements of the comet that it passes over one of the 
stars while leaving the other uncovered. Suppose that 
the apparent distance between the two stars upon the sky 
be measured, before the comet has come into their imme- 
diate neighbourhood. The measurement is to be repeated 
while one of the stars is behind the comet, and a third 
and concluding observation is to be made after the comet 
has passed on its way and left both stars behind. We 
have thus obtained the necessary materials for the inves- 
tigation. If the body possessed any appreciable refractive 
power, then the apparent distance of the two stars would 
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be di£Fereiit in tbe middle observation of the three, from 
tliat which it was both in the first and in the third. 

Every practical aetroDomer knows this is a research which 
admits of being made with great precision. The angular 
distance of the two star-like points is an element which 
the micrometer will indicate accurately to the fraction of 



a second, and if there were a displacement amounting to 
one hundredth part of that which corresponds to the 
horizontal refraction of our own atmosphere, the refractive 
capacity of the comet would be quite unmistakable. By 
observations of this class it has been shown that there is 
little or no appreciable refractive power in one of these 
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vast bodies. These results demonstrate conclusively that 
the quantity of matter even in a comet is extremely small 
when compared with its bulk. 

The conclusion thus arrived at is confirmed by the fact 
that our elSbrts to obtain the weight of a comet have hitherto 
proved unsuccessful. We have the means of measuring the 
weight of a planet^ by the disturbances of other bodies 
which it can affect^ and if a comet were massive enough 
to produce disturbances in the planetary movements there 
would be no difficulty in discovering within certain limits 
what the cometary mass might amount to. There have 
been several instances in which a comet has approached 
so close to a planet, that the attraction between the two 
bodies must have had significant influence on the planet, 
if the cometary mass had been at all comparable with that 
of the more robust body. The most celebrated instance 
is presented in the case of LexelFs comet which happened 
to cross the track of Jupiter. The effect upon this 
body was so overwhelming that it was wrenched from its 
original path, and started afresh along a wholly different 
track. The reaction of the comet upon the planet seems, 
however, to have been incapable of influencing by any 
measurable quantity the movements of the giant globe. 
It is, therefore, obvious that the mass of this comet, and 
it was a large one of its class, was inappreciable in com- 
parison with the mass of Jupiter. 

But the rencontre between the two bodies supplies us 
with an argument of a still more cogent type. The retinue 
of moons by which Jupiter is attended forms a delicately 
organized system. Their movements have been observed 
for centuries, and any derangement introduced into the 
group by the approach of a considerable foreign body 
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would be rendered manifest by the disturbance of the 
little moons from the paths which they had so long 
traversed. Careful attention was directed to this point in 
order to see whether^ after the collision between Jupiter 
and Lexell's comet, the satellites ojSered any indications 
of the vicissitudes through which they had gone. The 
evidence on this point was entirely negative. It was not 
possible to discover any irregularity in the movements of 
the bodies which could be attributed to the attraction of 
the comet. It has thus been demonstrated that, notwith- 
standing the stupendous bulk of a great comet, its mass 
must have been so inconsiderable as to have been insuffi- 
cient to disturb even such unimportant members of the 
solar system as the satellites of Jupiter. 

These different lines of reasoning convince us that 
comets contain no appreciable portion of actual solid 
material. But meteorites are shown from their structure 
to be fragments rent from some mighty mass which has 
Booled but slowly from a highly heated state. They 
resemble certain volcanic products so closely that it seems 
quite impossible to refuse assent to the doctrine of 
Tschermak that, whatever be their source, the materials 
must have come from gigantic masses, not greatly varying 
in dimensions from the earth or other solid planets of our 
system. But we have seen that comets are in every 
respect different from bodies possessing the characteristics 
of objects from which meteorites can have been derived. 
I am, therefore, forced to the conclusion that meteorites 
and comets can have no connection, except what may be 
implied in the circumstance that they all belong to the 
solar system. 

I am quite aw^re that this view is very different 
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from that which is entertained by distinguished astro- 
nomical authorities. For instance, in connection with 
Sir Norman Lockyer's spectroscopic work^ he has been 
led to frame his meteoric hypothesis in which a comet is 
represented as containing a cloud of isolated meteorites. 
For the reasons already given I am unable to assent to 
this view. The structure of a meteorite seems to be 
wholly incompatible with the supposition that it had any 
other origin than as a fragment of some vast mass slowly 
cooled. 

Another distinguished authority, Professor Newton, 
of Yale College, to whose labours we are so largely 
indebted for our knowledge of shooting - stars, also 
considers that a link of connection between meteorites 
and comets has been established. Indeed, I am aware 
that this belief is very widely entertained. A specimen 
of a meteorite has been exhibited in a museum, bearing a 
label with the words, '' a bit of a oomet.^' On the other 
hand, Professor Lawrence Smith may be mentioned as one 
distinguished student of meteoric matters who has accepted 
the view which I have here adopted, namely, that 
meteorites have no closer connection with ordinary periodic 
showers or with comets, than they have with Mars, or 
with Jupiter, or with the sun itself. 

It will be remembered that in the early part of this 
chapter I have insisted on the connection between comets 
and shooting-star showers, which has, I believe, been abun- 
dantly demonstrated. But meteorites seem to be bodies 
of a radically different character from those meteors which 
arrive in periodic showers. Meteorites are to be ex- 
plained on quite different principles ; their origin is to be 
■ought in quite different sources. In fact, the only 
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common bond between objects of sucb widely different 
characters is expressed by the fact that they each come 
into the atmosphere from outside. 

If I may say so without offence, it would seem that 
the logic of the reasoning which connects meteorites 
with comets is not wholly satisfactory. Some of the 
arguments which have been brought forward by those who 
maintain the affinity of meteorites to shooting-star showers 
appear to be derived from the two following premises. 
Shooting-star showers come into the air from outside. 
Meteorites come into the air from outside. But the 
premises, though both unquestioned, do not admit of our 
drawing any conclusions as to the affinity of meteorites 
and shooting-star showers. It is perfectly certain that 
periodic showers such as the Leonids, or the Perseids, or 
the Orionids, or the Geminids, or any of the other similar 
showers, are all cosmical systems possessing distinct 
affinities to comets. Their origin cannot be discussed 
separately from the origin of comets. Whence the comets 
have come, thence these meteors have most probably come, 
and where that may have been is a question into which I do 
not now enter. But, besides these bodies, there is another 
class of objects to which the meteorites belong, which come 
into our atmosphere, no doubt, but which seem to have no 
connection with comets. Doubtless there are many of 
the so-called shooting-stars, or so-called fire-balls, which 
it would be impossible, with our present knowledge, to 
assign with certainty to their proper classea All I am 
now insisting on is that there are at least two classes of 
these objects, one of which includes those of cometary 
affinity, and the other includes the non-cometary objects. 
It is to the latter that the meteorites belong. This is 
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proved emphatically by their structure, which is incom- 
patible with the supposition that the body possessing it 
has originated in a comet. 

I would specially commend the important researclies of 
Tschermak to those interested in meteorites. In the 
museum at Vienna there is a collection of meteorites 
rivalling our own splendid collection in the Natural 
History Museum at South Kensington. The eminent 
Austrian Professor has made an elaborate study of the 
different bodies of this class in the various museums^ and 
he has come to the conclusion that meteorites have been 
derived from volcanoes on some large celestial body. So 
far as I am aware, no other mineralogist has maintained 
an opinion of an opposite character to that entertained by 
Tschermak. We may, therefore, inquire where the 
volcano must have been situated so that the missiles it 
projects should tumble down on our earth. Placed in this 
aspect the problem is no longer one for geologists or of 
mineralogists. It has now come within the province of 
astronomers and mathematicians. It is for them to say 
where, in all probability, those volcanoes have been 
situated from which the meteorites have come. This is 
indeed a very interesting question, and I propose to under- 
take its solution. 

The missile from a cannon discharged vertically up- 
wards will fall back to earth with a speed nearly as great 
as that with which it was projected. In fact, the speed 
at the return would be quite as great as the speed at 
the departure were it not for the resistance of the atmo- 
sphere. Under the actual circumstances of this globe, and 
with the actual strength of our artillery, and the potency 
that any available explosives may possess, we are not able 
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to project a missile with a speed sufficiently great to cany 
it to a height which would eyen be an appreciable fraction 
of the earth's diameter. Our globe is so massive that any 
velocity which we were able to impart to the upward 
movement of the bullet woidd not suffice to carry it to an 
altitude that bears the same relation to the diameter of 
the earth as the thickness of an egg shell bears to the 
diameter of the egg. 

It is, however, interesting to consider the circumstances 
under which a missile would take flight if projected from 
a globe differing widely from our earth in bulk or mass 
or physical constitution. Let us first of all suppose that 
a piece of artillery was to be transferred to some globe 
much more massive than the earth. Take, for example, 
some globe possessing the same mass as the sun, and of 
like dimensions. Under these circumstances, the attraction 
by which the speed of the ascending missile would be 
gradually lessened is much more effective than the corre- 
sponding force upon the earth. It follows that, even 
though the missile might leave the mouth of the cannon 
with the same pace on the large globe that it had on the 
small one, yet the upward velocity would be abated much 
more quickly when the heavier mass was underneath, than 
when it was only the attraction of the smaller of the 
two globes that was checking the ascent. From the big 
globe the projectile could not ascend to anything like the 
altitude which it would be able to attain on the small one, 
and the time that would be occupied in its flight would 
undergo a corresponding diminution. Thus, although a 
projectile might be discharged by a piece of our modern 
artillery, with a speed sufficient to carry it to an elevation 
pf several miles, yet a like velocity of projection from th© 
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surface of a globe as large as many of the globes in space 
woald only suffice to carry the body to a height of one 
mile, or eyen less. It is^ therefore, understood that the 
elevation to which the missile is capable of soaring 
depends not alone on the efficiency of the cannon from 
which it has been projected, but on the mass of the globe 
on which that cannon is placed. 

Nor is it indeed only the mass of the globe which is 
concerned in the matter. It will easily be seen that 
the diameter of the body must enter as a significant 
element. Suppose that there were two globes equal 
in mass, but that in one the materials were of a 
lighter specific gravity than in the other, and that 
consequently the globes were of unequal dimensions. 
Then the attractions of the two globes exercised upon 
bodies on their respective surfaces would be very different. 
In the one case the attracted object would be further away 
from the centre of the globe than in the other, and 
though the masses of the globes may have been the same 
yet as the attraction varies inversely as the square of the 
distance, it would be less on the surface of the greater 
body than it is on the smaller. 

To give an illustration of what I mean, let us suppose 
the case of two globes equal in weight, but one of 
which was made of platinum and the other of granite. 
Platinum is nearly eight times as heavy as granite, 
it therefore follows that as the globes are of equal 
weight, the granite globe must be about eight times as 
bulky as the metallic globe, and this being so it can 
easily be shown that the radius of the larger globe 
must be double that of the smaller. There would thus 
b^ oonsidentble difference in the gravitation which would 
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be experienced by the inhabitants of the granite and of the 
platinum globe respectively. For though the masses of 
those globes^ that is, the quantity of matter they possess, 
would be the same, yet a denizen of the globe of stone 
would be twice as far away from the centre of his world 
as a denizen of the globe of metal would be from the 
centre of his. So that though the attractions exerted 
by the two globes at equal distances from their centres 
would be identical, yet, owing to the law of the inverse 
square, the inhabitant of the big globe would feel only 
one-fourth the attraction experienced by the occupant of 
the small one. It is thus plain that a piece of artillery 
placed on one of these globes would launch forth its 
missile imder very different conditions from those which 
would determine the movement if the projection were 
made from the other globe. As the body left the muzzle 
the force striving to draw it back to the metallic globe 
would be no less than four times as great as that which 
would commence to operate when the missile left the 
muzzle of the gun on the stone globe. The consequence 
is that in the latter case the body would ascend to a far 
greater elevation before its speed was checked and 
reversed than when it was shot from the platinum world. 
From this illustration it will be plain that it is necessary 
to take iuto account both the mass of a globe and its 
dimensions when we would determine the height to which 
a projectile can ascend. 

Let us consider the case of a great cannon placed on a 
globe of comparatively small mass, the density of that 
globe being about the same as the average density of the 
worlds which we find in the solar system. It is plain 
tbp>t as the object goes aloft a lessened attractive force will 
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be exerted to check its upward movement, and conse- 
quently the speed will but slowly abate. It, therefore, 
follows that this force must be put forth for a long time 
before the upward movement is entirely neutralised, and 
during this long time the body will have attained a cor- 
respondingly high elevation. 

It can, indeed, be demonstrated that there is a critical 
velocity for every globe, such that if a body be projected 
upwards with that critical velocity or any greater one, it 
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will be permitted to escape Altogether. When we know 
the mass of the globe as well as its radius, we are enabled 
to calculate what this critical velocity has to be. To take, 
for instance, the case of the earth. It can be shown that 
for any globe possessing the weight of the earth, and the 
exact size of the earth, the velocity with which a missile 
would have to be shot upwards so as to effect its escape 
must be about seven miles a second. If the velocity with 
which the body started on its vertical ascent were less than 
seven miles a second, then after reaching a height depeu- 
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dent upon the speed of projection it will commence to 
return. If, however, the pace be as much as or more than 
the critical value of seven miles a second, the body will 
continue its journey, and the attraction of the earth will 
not be sufficient to recall it. 

This point is of so much importance that I am inclined 
to dwell on it a little longer in hope of removing the 
paradox which it may seem to involve. For as in the 
ascent of the body the velocity must ever be lessened by 
the attractive force pulling it back, it might seem obvious 
that the initial velocity must be ultimately overcome if 
only long enough time be granted. But this is not a valid 
objection. It can be shown that the difficulty is some- 
thing like that which arises in the well-known case of a 
geometric series. If we add a half to a quarter, and that 
to an eighth and that to a sixteenth, and that to a thirty- 
second, and so on indefinitely, we shall make an infinite 
number of additions, and yet, though the number of the 
quantities added together may be infinite, the total that 
they produce can never be more than finite. This can be 
more simply seen by a very elementary illustration. If 
you eat half a cake to-day, and a quarter of it to-morrow, 
and an eighth the next day, and a sixteenth the day 
after, and a thirty'Second the next, and so on, ever con- 
suming one day exactly half what was left the day before, 
the cake will never entirely disappear. It would, in fact, 
last for ever, notwithstanding the fact that an infinitely 
great number of portions had been abstracted from it. 
Somewhat similar is the nature of the operation by which 
the attraction of the earth gradually reduces the ascending 
velocity of the moving body. All that the earth can effect 
by attraction is to reduce the pace by the extent of seven 
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miles a second. If the original velocity exceeds seven miles 
a second, even by the smallest amount, then the attraction 
of the earth will never be able to overcome it entirely. 
The projectile would consequently travel outwards into 
space, never to return to the globe from which it started, 
unless it should happen that other agents not hitherto 
contemplated should be brought into operation. 

It is known that the energy possessed by a flying bullet 
is proportional to the square of the velocity with which it 
is animated. Thus if one of two equal bullets should have 
a speed double as great as that of the other, then the 
energy possessed by the more rapidly moving of the two, 
in consequence of its velocity, will be four times as great 
as that possessed by the more slowly moving body. It 
thus appears that a projectile laimched with a velocity 
twelve times as great as that which can be generated hy 
our artillery must possess a quantity of energy one hundred 
and forty-four times greater than would be acquired by a 
bullet of equal size fired from a Woolwich gun. We 
would, therefore, need gunpowder one hundred and forty- 
four times as potent as any gunpowder we now possess if 
we expected to shoot a cannon ball away from the earth 
altogether. Need it be added that the resisting power of 
the cannon would have to be enormously increased to with- 
stand the stress that such an explosive would generate. 
In fact, it is perfectly certain that no materials known to 
us would be strong enough to form a weapon sufficiently 
tough for the purpose. 

If, however, we were performing our experiments on 
some of the smaller globes belonging to the solar system, 
then a speed considerably less than that of seven miles a 
second would suffice to discharge the missile finally from 
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the vicinity of the globe on which it was placed. A 
cannon, for instance, which was strong enough to impart 
to the projectiles that issued from it a velocity double as 
great as that which our missiles receive here, would send 
the body entirely away from the moon. On globes still 
smaller a speed correspondingly less would suffice. Thus 
in the case of some of the minor planets where the diame- 
ters are not expressed in thousands, but only in hundreds 
of miles, the necessary projectile force would be quite 
within the range of modem artillery. Indeed, on some 
of the still smaller globes like the satellites of Mars, where 
the diameter is a score of miles or less, it is quite likely 
that velocities comparable with those with which a cricket 
ball is thrown would suffice to transcend the critical 
amount. The arm of a vigorous cricketer would cause 
the ball to ascend with a speed sufficient to make it go on 
further and ftirther until at last it gradually sank away 
into the heavens never more to tumble back again to the 
globe from which its way was sped. 

Provided with these considerations, let us now seek to 
determine the source of meteorites from an astronomical 
point of view. It is plain that if these objects had been 
shot as bombs from volcanoes, those volcanoes must have 
had a potency sufficient to discharge fragments of the 
solid crust of the globe aloft with such speed that they 
did not presently return in consequence of that globe's 
attraction. The great difficulty which we encounter in 
the consideration of this question arises from the high 
velocity which would be necessary to set the missiles free 
from the obligation of immediate return to the parent 
globe. As the speed of seven miles a second is undoubtedly 
fai in excess of any speed which is attained in terrestrial 
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volcanoes nowadays, we are tempted to look at some of the 
smaller globes of the solar system and see whether they 
can possibly be the abodes of the great volcanoes by whose 
explosions meteorites have been emitted. We might, at 
all events, hope by such a supposition to get rid of the 
initial difficulty with regard to the high speed of projec- 
tion, for as a low velocity will suffice to carry bodies quite 
clear of a small globe, it follows that we should not in 
such a case demand an exceptionally potent volcano. 

It has, indeed, been maintained, by at least one distin- 
guished astronomer, that in all probability meteorites are 
bodies which have taken their departure from volcanoes 
in the moon. No doubt, so far as the initial velocity is 
concerned, this supposition would obviate the fundamental 
difficulty. In the first place, about a fifth of that 
Telocity would be required which would be necessary to 
discharge a missile with the critical speed from the earth. 
We know, also, that there is abundant testimony as to 
the former existence of volcanoes in the moon. That side 
of our satellite which alone is visible from the earth, is 
marked over with hundreds of craters, indicating the 
intense volcanic activity which once reigned there. There 
can hardly be any doubt that their efficiency may have 
been ample to impart to the missile a speed sufficiently 
great. Indeed, the circumstances which we know with 
regard to Krakatoa seem to show that some of the bombs 
launched from this volcano in the memorable eruption, 
issued from the mouth of the crater with a velocity which 
can hardly have fallen short of a mile a second. In other 
words, if a volcano like Krakatoa were to break out to-day 
on the surface of the moon, and if it were to discharge its 
missiles upwards with velocities comparable ydth those 
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actually obaerred in the Straits of Sunda in 1883, it is 
not at all unlikely that many bodies would be ahot away 
from the moon altogether. 

So far, however, ae the descent of meteorites to the 
surface of this earth is concerned, it is not alone 
sufficient to inquire whether these bodies can have led 
the parent world ; it is further necessary to examine 
the circumstanceB under which a missile projected &om 
some other globe shall tumble down on this one. This 
ia a point that has been sometimes not sufficiently 
attended to by tboae who have considered the matter. It 
has been thought that as the volcanoes on the moon have 
been in all probability potent enough formerly, it is 
therefore reasonable enough to look to them as the source 
of meteorites. But a little further examination will show 
that though missiles might undoubtedly have lefl the 
moon owing to projection from lunar volcanoes, yet, that 
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it would be in the highest degree improbable that any of 
these objects shonld now be from time to time descending 
to the earth. For suppose that a meteorite is shot away 
from the moon, it presently comes so completely under 
the attraction of the earth that it must revolve about it in 
accordance with the laws imposed by the earth's gravita- 
tion. The question, therefore, as to whether it is to fall on 
the earth or not, is simply decided by whether the distance 
of the little body when at perigee would be less than the 
radius of the earth. If this were so, then of course the 
body would strike the earth at its first revolution. If, 
however, the circumstances under which the body was 
projected were such that its movement did not bring it 
into collision with the earth at the first approach, then it 
would remain as a permanent satellite to our globe. It 
could never then fall to the earth except under the possible 
action of such disturbing forces as are generated by the 
attraction of the sun or the moon. No doubt it is con- 
ceivable that under the influence of these disturbing 
forces it might happen, in extremely rare instances, that 
a missile, after wandering for ages round the earth in an 
elliptic orbit, should at last be so deflected from its 
original path as to strike against the earth's surface. 
But a little attention will show that such an occurrence 
must be of a rarity so extraordinary, that it may be 
dismissed from consideration as the probable source of 
meteorites, at all events when a more rational explanation 
is at hand. 

The question as to the lunar origin of meteorites 
has thus become narrowed down to a simple issue. Are 
there at present any active volcanoes on our satellite f 
If there are, then it might be quite conceivable that 
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the meteorites which now arrive here left the moon 
some few days previously. If, however, the moon's vol- 
canoes are all extinct, it is then excessively unlikely that 
any of the meteorites that are now falling could have 
been derived from this source. The lunar origin of the 
meteorites must therefore be rejected, if it can be shown 
that the lunar volcanoes are all now extinct. 

At the time when it was believed that the moon might be 
the source of meteorites, there was thought to be good reason 
for the supposition that some of the lunar volcanoes re- 
tained their igneous energy. Modern research has, how- 
ever, demonstrated that the lunar volcanoes are absolutely 
silent and ineffective. No doubt some slight indications 
of change have been detected, in certain details, on the 
lunar surface, but I do not think that, even if we admit 
every case of change which has been alleged by recent 
observers, it could be contended that any one of the lunar 
volcanoes now possesses the necessary activity. We are, 
therefore, forced to discard the lunar theory of meteorites 
altogether, for the simple reason that if the moon ever 
did project meteoritic masses, they must have tumbled 
down on the earth ages ago, at the time when the lunar 
volcanoes were still active. We do not, therefore, 
look for any lunar explanation of the meteorites which 
fall down here in these modern days, when the volcanoes 
in our satellite have become extinct. Let us, therefore, 
go further a-field, and search for the possible origins of 
these bodies in the volcanoes of other worlds. 

It will be convenient, at this point, to lay down the 
principle by which we shall be guided in determining the 
critical velocity which would be necessary to project 
bodies away from any particular globe. It can be demon- 

X 
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strated by mathematical principles, on which it is not 
necessary now to enter, that the critical velocity for each 
globe will be directly proportional to the square root of 
its mass, and inversely proportional to the square root of 
its radius. It can hence be easily shown that, supposing 
a number of globes are all made from the same materials, 
but are of diflferent sizes, the critical velocity with which 
a body will have to be projected upwards varies simply as 
the radius of the globe. Of course, the condition supposed 
does not apply exactly to the various heavenly bodies, 
and, consequently, it would not be correct to assume that 
the law is quite so simple as that here stated. But for the 
purpose of our illustration we may so regard it, and this 
being so, let us consider a globe which has a diameter of 
650 miles. 

Such a bo4]r would be large enough for one of 
the greater of the minor planets, as large, perhaps, as the 
planet Ceres. As this is about one-twelfth part of the 
diameter of the earth it will follow, from the principle we 
have already laid down, that the speed with which a missile 
would have to be projected from Ceres, in order to carry it 
away from that globe altogether, would have to be one- 
twelfth of that which would be necessary to carry it away 
from the earth. As already stated, this is a speed quite 
comparable with that attained by our modern artillery ; it 
therefore follows that if Ceres were 650 miles in diameter, 
and it must be of dimensions not very greatly differing 
from this amount, one of our great cannons, pointed verti- 
cally on this particular globe, would discharge its missile 
so that it would not return. It might therefore seem that 
by locating the volcano on one of the minor planets, a way 
is offered of getting out of the great difficulty, with regard 
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to the tremendous volcanic power necessary to impart 
the acquired velocity to the missile. Quite a moderate 
volcano placed on such^ a globe would undoubtedly shoot 
bodies upwards that would not return. But here, again, 
we have to remember that before such a missile could 
descend to our earth as a meteorite, it is necessary for the 
circumstances of projection to be such that the body shall 
take a direction which will ultimately cause it to strike 
the earth. The conditions that this implies are of very 
great importance. It will be necessary to consider them. 
If a meteorite projected from a volcano on Ceres is ever 
to strike the earth it must, it need hardly be said, pass 
through that narrow strip in the ecliptic, some eight 
thousand miles wide, which the earth traces out in its 
annual movements. I say narrow strip, for although it 
may seem that eight thousand miles is a considerable 
width, it^must be remembered that on the scale on which 
the orbit has to be drawn the width named would only 
correspond to an extremely fine line. The projectile 
from the planet, as it quits the neighbourhood of the 
parent globe, becomes appreciably affected by the attrac- 
tion of the sun, and as its distance from the . planet 
increases, the attraction of that planet dwindles to evan- 
escence, while the attraction of the sun becomes the 
predominating influence by which the movement is guided. 
The projectile accordingly pursues a track in accordance 
with the known laws of planetary motion. We are 
therefore to think of the little body as revolving around 
the sun in the same manner as the planet itself revolves, 
only possibly with an orbit considerably more eccentric, 
and inclined at a much larger angle to the ecliptic than 
that at which orbits are generally placed. If, therefore, 
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(hU little body is to fall on our earth as a meteorite, it is 
obviously essential that its orbit shall cross the track 
followed by the earth. Unless this condition is fulfilled 
the potential meteorite may pass near the earth on one 
side or the other, but would not fall down thereon, and 
we should know nothing about it. We have, therefore, 
to consider the conditions under which the orbit of the 
missile shall possess the very fundamental character of 
crossing the earth's track. 

It can be demonstrated by mathematical calculation, as 
to which there can be no uncertainty, that it would be 
impossible for a missile projected from the planet Ceres to 
cross the present track of our earth around the sun, unless 
at the instant of projection the missile had a velocity, of 
which the component perpendicular to the radius of Geres' 
orbit was about eight miles a second. The actual velocity 
with which the little body would start on its journey 
depends partly on the speed with which it was projected, 
and partly on the speed which the planet has in its orbit. 
In fact, as a mathematician would say, the velocity with 
which the object was animated would be the resultant 
between the velocity of the planet and the yelocity 
imparted by the projecting agent. The velocity with 
which Geres moves round in its path is determined by 
Kepler's law, and it can easily be shown to be about 
eleven miles a second. It therefore follows from this 
oircumstanoe alone that the missile will have a speed of 
eleven miles a second perpendicular to the radius of the 
orbit of Oeree. The velocity which it receives from 
the projective force must be compounded with that which 
it derives from the movement of the planet. We have 
mlre«dy aeen that it would be utterly impossible for the 
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meteorite to reach the earth if the component of its 



velocity in the direction of the planet's movement differed 
from eight miles per second. This consideration shoirs 
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that the Yoloano on Ceres would have to be possessed of 
very considerable power, quite independently of whatever 
projectiye force might be necessary for the mere purpose 
of conveying the missile clear from the planet. 

Let us suppose the most favourable case possible. 
In other words, let us try to conceive the circumstances 
under which, with the least expenditure of power, a 
projectile might be launched from Ceres under such 
conditions that it should cross the earth's track. It 
is obvious that this most favourable condition would 
be presented in the case of a volcano which was so placed 
on the planet as to lie exactly on the opposite side of 
the little globe, from that point which was foremost 
in its motion. For what the volcano has now to do 
is to abate the velocity which the missile possesses in 
virtue of the planetary movement, which it possesses in 
common with every other part of its globe. It follows 
that the velocity which must be imparted by the explosive 
power of the volcano, has to be at least three miles a 
second. For as the little object has a velocity of eleven 
miles a second in the direction perpendicular to the radius 
of the planet's movement, it is necessary to reduce this by 
three miles a second, in order to bring the actual velocity 
of the planet to the eight miles a second, which we have 
already stated to be an indispensable requirement if the 
object is to arrive at the earth as a meteorite. It can be 
easily shown that a volcano which happened to lie in any 
other situation than that just mentioned would have to 
impart an initial speed of more than three miles a second, 
if it were to reduce the velocity that the meteorite acquires 
from the planet down to the amount under which alone 
it would be possible for it to fall on the earth. It thus 
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appears from the consideration of the orbit of Ceres, and 
of the orbit of the earth, that a velocity of three miles a 
second would be demanded by dynamical considerations 
quite independently of whatever additional speed the 
missile, should receive, in order to carry it free from the 
attraction of the globe on which the projective agent was 
situated. I^o doubt, as Ceres is small, this last might be, 
as we have said above, a velocity of moderate dimensions, 
attainable, in all probability, by ordinary artillery. But 
the velocity which has to be imparted on the other account 
is so considerable that no matter how small the mass of 
Ceres may be, a volcano of a projective power of at least 
three miles a second would be demanded. We thus see 
that there is no alleviation of the difficulty gained by 
locating the volcano on one of the minor planets. 

Quite independently of this there is a line of reasoning 
which demonstrates that in all probability meteorites could 
not have come from any planet situated where Ceres is. 
It must not be forgotten that the track which the earth 
pursues in its annual progress round the sun is only an 
extremely fine line when viewed from the distance of 
Ceres. This consideration shows that it is only under 
exceptional circumstances that a meteorite projected from 
Ceres, even if it had speed enough, should ever tumble on 
our globe. The question is one in the theory of proba- 
biUtics. In another part of this volume I have illustrated 
the importance which the theory of probabilities has for 
the astronomer. To the cases which are there given I 
may now add that which is connected with our present 
argument. 

Let us imagine that Ceres was covered with volcanoes ; 
suppose that these volcanoes were from time to time 
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projecting clouds of missiles with sufficient vehemence 
to set them finally free from the globe from which 
they spring. It is not easy to state the question simply^ 
but we must make the attempt. I shall suppose that the 
speed which the missile receives from the volcano is 
compounded with that derived from the orbital movement 
of the planet. We have already seen that if this total 
speed is less than eight miles a second, then no matter 
what the direction of the movement of the projectile may 
be, it must fall short of the earth's track, and can there- 
fore never possibly reach our globe. If, on the other hand, 
the volcano on Ceres were so powerful that the speed it 
imparted, when combined with that which the missile 
derives from the orbital movement, exceeded sixteen miles 
a second, then the path in which the body starts on its 
voyage through space would take the form of a hyperbola. 
In this case, although the missile might cross the earth's 
track once, it would never do so again, for the attraction 
of the sun would not be sufficient to recall it. Should the 
total speed of projection lie between eight miles and 
sixteen miles a second, then the orbit would be elliptical, 
and the body would move round and round with the same 
regularity as a planet. But among all the di£Ferent 
possible orbits of this kind comparatively few will actually 
intersect the earth's track. 

To take an illustration, let us suppose the case of 
those missiles which start with a total speed intermediate 
between the two extremes we have just named. Let 
us imagihe that they have a velocity of twelve miles 
per second; it can be demonstrated that projectiles 
launched forth at the speed just named, but in all 
directions, will assume all sorts of orbits, and of these 



VISITORS PROM THE SKY. 329 

orbits only one out of a very large number can inter- 
sect the track of tbe earth even when due allowance has 
been made for the effect of perturbation. It therefore 
follows that out of all the missiles projected from Ceres, 
only very few could be expected to reach the earth, even 
after the lapse of an indefinitely great time. 

This examination of the conditions under which bodies 
projected from Geres could fall to the earth as meteorites, 
has shown that such a source for these bodies is highly 
improbable. In the first place, it has been demonstrated that 
the immediate object sought to be gained by locating the 
volcano on a small planet would not be realised, for a very 
high velocity would be necessary on account of the circum- 
stances of the situations of the orbits in the solar system. 
TVe should, therefore, in any case need volcanoes with 
tremendous power even if placed on so small a globe as 
Ceres. It is further shown, that even if this highly 
improbable condition could be fulfilled, the volcanoes on 
Geres would be so badly adjusted for the work to be done 
that they would miss a large number of shots for every 
one that was successful. These improbabilities are so 
great that we are forced to reject the hypothesis which 
implies them, especially when, as we shall see in the next 
chapter, we can point out a locality for the volcanoes to 
which no such improbability attaches. I need not go 
into details with regard to the other planets. Setting 
aside all other objections the large ones would require 
tremendous volcanoes to drive the missiles free from the 
attraction of their globes ; and there is besides the further 
circumstance, that there will be in every case an enormous 
preponderance of missiles which can never pass through 
the earth's track, over those which may happen to do so. 
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But before I come to discuss the real source of these 
bodies it may be well to consider the possibility that 
meteorites should have been projected from bodies in 
space which do not belong to the solar system. This is 
indeed a favourite notion with some, but here again as 
elsewhere through astronomy the laws of probability 
afford a reliable guide. 

Let us briefly consider the conditions under which 
a meteorite projected from some volcano located in 
the stellar spaces would actually pass through the 
earth's track. No doubt there are scores of millions of 
stars, and though we cannot see them, there are in 
all probability thousands of millions of dark globes 
which, in so far as their non-luminous character is con>- 
cerned, clearly resemble the earth. It is not improbable 
that thousands of these globes, or millions of them, may 
have volcanoes quite as potent, or far more potent than 
any volcanoes which have ever come within our experi*^ 
ence. But even if there were millions of volcanoes or 
bodies in the stellar space, and even if those volcanoes 
were powerful enough to discharge missiles which would 
soar free from their parent globes, the probabilities 
against the arrival of any such objects on this earth are 
indeed stupendous. I find it wholly impossible to believe 
that such can have been the source of meteorites, at all 
events so long as I can discover another source to which 
so great a degree of improbability does not attach. 

For suppose that a volcano were located on some body 
lying at the distance of the nearest fixed star, which is 
believed to be Alpha Gentauri. An observer placed in 
that remote locality and viewing the solar system from 
the awful distance which intervenes, would see the earth 
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describe a little circle, about a second and a half in 
diameter. This is extremely small, it is about as large as 
a penny piece would look if placed three miles from the 
observer. The number of such circles, whose collective 
areas would be required to cover the sky, would be about 
500,000,000,000. Now what would be the chance that a 
rifle bullet, supposing it could carry far enough, directed 
perfectly at random, would strike a bull's eye the size of 
a penny piece at a distance of three miles P 

It is obvious that the solution to this is to be found 
in the following manner. Suppose a sphere to be con- 
structed with a radius of three miles, and that the whole 
inside of this sphere be divided into a mosaic each 
with an area as large as a penny piece ; then as each one 
of those pieces would be just as likely as any other to 
be struck by a bullet discharged absolutely at random, the 
improbability that any particular piece would be hit will 
be expressed by unity divided by their entire number. 
A volcano placed at the distance of Alpha Gentauri, and 
discharging missiles quite at random, could only hit that 
ring which represents the earth's track in one shot out of 
every five hundred thousand millions. But even these 
figures do not express the improbability that a meteorite 
should arise in this manner. For if the missile happened 
to pass through the interior of the earth's orbit, it would 
not fall on the earth any more than if it had passed out- 
side the orbit altogether. It is, as we have already 
explained, an indispensable condition that the body should 
pierce that particular zone eight thoasand miles in width 
which marks the track of the earth in the ecliptic. As 
the area of this ring is not the five-thousandth part of the 
whole area of its orbit, it follows that to pierce the ring 
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by any one missile a number must on the average be 
projected, which is five thousand times as great as that 
already named. 

We thus see that the improbability that a body 
shot from a volcano situated on a globe at the same 
distance as Alpha Centauri, should ever fall on the 
earth as a meteorite^ must be twenty-five hundred of 
millions of millions to one. Surely this presents in a 
very forcible light the extreme improbability that meteo- 
rites should have been derived in the way this doctrine 
suggests. Of course if the volcano were so much further 
o£E as to have a distance comparable with that of most of 
the stars whose distance is known, then the improbability 
would be still more enhanced. But taking the figures as 
they stand, it would appear that even if there were at 
least two thousand million volcanoes, launching forth 
missiles into space, not more than one out of every 
million bodies thus projected could ever cross the earth's 
track, and thus conceivably reach the earth as a meteorite. 

It will also be observed that in this calculation I have 
regarded the earth's track as placed squarely to the line 
of fire. If it were more or less edgewise, as would of 
course generally be the case, then the length of the 
projected track would be correspondingly reduced, and 
the improbability would be correspondingly increased. 
From all these considerations I have come to the conclu- 
sion that we may reject any hypothesis which would ask 
us to derive the meteorites from volcanic sources in the 
stellar spaces. The actual source from which they seem 
to have come will be considered in the next chapter. 




CHAPTER XIV. 

THE ORIGIN OF METEOKIIES. 

AVING thus given grounds for believ- ] 
ing that meteorites have come neither 
from the comets nor from the moon, 
neither from the planets great nor the 
planets small, nor yet from the stars 
or the other orbs which may revolve at stellar distances, I 
have now to explain the source from which, according to 
evidence, the meteorites do seem to have been derived. 
I am, however, quite conscious that the question is by no 
means free from difficulty. The descent of a meteorite, 
whatever be its source, is one of the most astonishing 
facts in nature. The improbability that such an occur- 
rence should take place is indeed great. But we know 
that it does take place, and the only course to follow in 
the search for the origin of these bodies is to bring under 
review all conceivable sources, and then to adopt that one 
which on the whole appears to have most in its favour. 

It seems perfectly demonstrable that one suggested 
source of meteorites is much leas improbable than any 
of those which have been discussed in the last chapter. 
We are to advocate a prosaic solution of the origin of 
these mysterious wanderers which reach us from the 
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sky by affirming that they have originally been frag- 
ments torn from the earth. But that such is indeed the 
case I shall endeavour to demonstrate. I have no doubt 
to some extent discussed this matter in previous writings. 
I have found, however, that the force of the argument 
is often imperfectly understood, and as the evidence that 
can be adduced seems to be strengthening in proportion 
as our knowledge of these bodies aeoumulates, I have 
thought it desirable to take this opportunity of treating 
the question fully with the help of additional information 
which recent investigations have placed at our disposal. 

The notion that terrestrial volcanoes should have been 
the agent by which meteorites have been driven off into 
space seems at first to be refuted by the circumstance that 
we have no volcanoes which possess at present anything 
like the intensity of explosive energy which would be 
required. There is, I believe, sufficient testimony to 
prove that certain bombs projected from Krakatoa in 1883 
fell to earth at a distance of fifty miles from their source. 
It is easy to demonstrate that a body which performed a 
flight so tremendous must have been expelled from the 
crater with an initial velocity considerably in exqess of 
any speed that has been attained by a missile in artillery 
practice. This statement ofiEers a remarkable illustration 
of volcanic energy. To appreciate it fully we should 
reflect on the dimensions of a volcanic crater, and on the 
free opportunity it affords for the escape of the explosive 
gases, in contrast with the conditions found in the dis- 
charge of a missile from a cannon, where all the force of 
the«explo8ion can be concentrated on the projectile. 

It must, however, be admitted that there is no observa- 
tion, so far as I know, of any volcanic explosion in whioh 
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a velocity has been imparted to the fragments discharged 
exceeding twice that which can be produced by artillery. 
And yet, as we have shown, we should require a velocity 
many times as great as that which our mightiest cannons 
can generate, if the missile so discharged were to be 
carried free from the earth altogether. No doubt the 
inadequacy of our present volcanoes is a very great diffi- 
culty in the acceptance of the terrestrial theory of 
meteorites. But the improbability that meteorites should 
have so sprung appears to me to be very much less than 
the improbabilities which accompany the supposition that 
the origin of these bodies can be explained in any of the 
other ways which have been proposed. It seems there- 
fore necessary to submit this notion of the terrestrial 
origin to an extremely close scrutiny, and see how far the 
objections that may be urged against it can be overcome. 

I am quite aware that able geologists have maintained 
that there is no stratigraphical evidence to show that 
volcanoes of early geological times were more potent than 
those of the present day. But in so far as such evidence 
may be wanting I think we can only attribute it to that 
imperfection of the geological record which has been so 
often invoked to account for the absence of direct 
testimony in support of conclusions which there are good 
theoretical reasons for entertaining. It would seem that 
the present case is one in which the absence of direct 
testimony need not greatly concern us. The laws of 
cooling are not to be impugned, and those laws of cooling 
declare with unfaltering logic that the thermal conditions 
to which volcanoes owe their origin must have been such 
as to make volcanoes far more potent in primeval times 
while the earth was still young than they are at present. 
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Whether there be geological evidence bearing on the 
question, or whether such evidence be wanting, I do not 
think that the result of the laws of heat will be disputed 
by any one who is aware of the physical necessity which 
those laws impose. We can indeed cite analogical 
evidence from other bodies in the universe in support of 
our contention as to the superior efficiency of the early 
terrestrial volcanoes over their degenerate successors of 
the present day. I have already had occasion to refer to 
the striking if well-known fact that the lunar volcanoes 
are now quite extinct. The exhaustion of their primitive 
power is due to the circumstance that the moon is small 
enough to have cooled rapidly and thus to have lost 
almost all its internal heat. It therefore no longer 
retains the energy necessary for the production of 
volcanic outbreaks. 

Here we have an instance which proves that the uni- 
formitarian hypothesis is not satisfactory so far as lunar 
geology is concerned. If there were a geologist at pre- 
sent on the moon he would be constrained to admit 
that his globe was once the seat of volcanic activity 
of the most widespread character, and of a vehemence 
and potency the like of which could not be paralleled 
on any known globe. But while the evidence of this 
fact was all round him, he would be constrained to 
admit that his volcanoes had now lapsed into a state of 
permanent quiescence. So far from uniformity in volcanic 
matters being the characteristic of lunar geology, we 
find the volcanic activity of that globe gradually declin- 
ing through a succession of ages until at last the present 
stage of absolute inertness has been reached. IJniformi- 
tarianism could not be the ci ^ed of any lunar geologist ; 
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nor can there be a reasonable doubt that in volcanio 
matters our earth is progressing along a like coarse to 
that which the moon has taken. 

Some of our volcanoes still retain activity, because 
our globe is so large thaf it has not yet parted with 
all its initial fiery vigour, but day by day the internal 
heat is being dissipated. We are tending from a period 
when the volcanoes were perhaps as important a fea- 
ture on this earth as they once were on the moon ; 
we are tending towards a period when the volcanoes 
on this earth shall have become as silent and as extinct 
as are those craters on the moon, which make our satel- 
lite so interesting a telescopic picture. The analogy of 
the moon will at least justify my contention that the 
activity of the volcanoes now on our earth is not to be 
regarded as adequately representing the much more 
terrific vehemence of the internal heat which must have 
devastated our globe in anterior stages of its history. 

We have next to consider how the volcanic energy of 
these early fiery mountains on the earth can have produced 
sufficient explosive power to project missiles into space 
with a speed at least as great as that critical value to 
which I have so often referred. It is unfortunate that 
there is no globe in our solar system which can be seen 
to be passing at present through the same phase as that 
through which our earth must have passed in the early 
times referred to., It would have been so very instructive 
to have made a telescopic examination of some other world 
of about the same size as the earth and in about the same 
stage in its evolution as this globe was before the deposi- 
tion of the sedimentary rocks. But there is no such globe. 
Jupiter does not present the conditions, for we are not 

T 
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able to see its surface through the enoompaBaing clouds. 
Mars will not answer our purpose, for it aeems to have 
long passed the stage in which volcanic energy was a 
prominent manifestation on its snr&ise. We cannot 
examine the details on Yenui sufficiently to know how far 
it might supply the information we seek, and the same may 
be said of the other planets. They give us but little aid. 
There is, indeed, only one globe in the system which 
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can be cited, and that is the sun. Of course, there 
is but very alight resemblance between the present con- 
dition of the snn and the condition of our earth at the 
early period referred to. The sun is so highly heated 
that it probably does not contain any solid matter what- 
ever, and therefore is very unlike what our earth must 
have been at the time of which we speak when its eztorior 
parts had already becQWe 8oUd( if QQt wtually cpR Pufl 
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there ia one matter as to which the snn will render 



Tulaable evidence pertineDt to the qaestion at iame. 
Bemember that our main difiBculty relates to the greabiesQ 
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o{ the velocity with which missiles must have been 
expelled by explosions that have taken place in the 
interior of the globe. We find a difficulty in believing 
that the nascent earth could have launched projectiles at 
the speed of seven miles a second. Let us then see what 
the sun can do. 

It can be shown from observations of the solar pro- 
minences that vast masses of vapour are frequently 
expelled from the interior of the sun by convulsive 
throes with a speed of three hundred, four hundred, and 
sometimes nearly a thousand miles a second. Let ub 
ponder on these facts. They are indeed most astounding, 
and would hardly be credible were they not supported 
by ample evidence of unimpeachable authenticity. The 
spectroscope enables the observer actually to witness the 
ascent of these solar prominences, notwithstanding that 
they are at a greater distance than ninety millions of 
miles. Oareful measurements demonstrate the startling 
results which I have already stated. Of course, the present 
fervour and energy of the sun wholly surpasses that which 
could have been possessed by the earth at the phase of its 
history which we are considering. But remember that 
all we want is an explosive power in the terrestrial 
volcanic gases sufficient to impart a velocity of seven miles 
a second, nor need this be denied when we have shown 
that the actual velocities produced by outbreaks in the 
sun at this very moment are more than one hundred 
times as great as that modest allowance for which we 
ask. 

Those who ponder on these facts will, I think, come to the 
conclusion that, though from our ordinary points of view 
a speed of seven miles a second seems too monstrous to be 
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admitted, yet that the cosmical forces available at the time 
of the consolidation of the earth would have been sufficient 
for the purpose. It must also be remembered that we have 
no reason to helieve there is any substantial difference 
between the materials in the sun and the materials of 
which the earth is composed. The gases by which explo- 
sions in the sun generate velocities of many hundreds of 
miles a second, are only the same gases as those which 
are found on the earth. It therefore appears that by 
the study of solar phenomena the objection to the terres- 
trial theory of meteorites on account of the great initial 
velocity required may be said to have been considerably 
abated, if not entirely overcome. 

There is another objection which has been frequently 
urged against the hypothesis of the terrestrial origin of 
meteorites. We have been reminded of the existence of 
the earth's atmosphere, and attention has been called to 
the fact that a missile discharged from the lower strata of 
that atmosphere with an enormous speed would find its 
velocity greatly reduced by the resistance of the medium 
through which it had to cleave its way. It has thus been 
maintained that when the body reached the outer layers 
of the atmosphere it could not have retained sufficient 
speed to carry it away from the earth. I freely admit 
that this is a difficulty. Artillerists know well that the 
resistance of the air robs their projectiles of energy and 
greatly reduces the range and the effectiveness of their 
weapons. Nor am I surprised that this difficulty may 
have sometimes appeared to be a very formidable one when 
urged against the doctrine of the terrestrial origin of 
meteorites. There are, however, certain considerations 
which will, I think, show that the objections founded on 



^i /J\r TMB tilGti HEAVENS, 

the reBistance offered by the air to the passage of pro- 
jectiles may perhaps be oyer-estimated. 

In the first place, it must be remembered that the ana- 
logy of artillery is hardly to the purpose, for the trajectory 
of the missile, if not quite horizontal, has at all events no 
great inclination. The consequence is, that the flight of 
the body is confined to the lower and denser strata of the 
atmosphere, where of course the resistance of the air ope- 
rates much more vigorously. A cannon ball fired vertically 
upwards would meet with much less obstruction to its 
upward passage after it had passed through the lower 
portions of the atmosphere, and the amount of that 
obstruction would be diminished with every increase in 
the body's altitude. It is therefore plain that if a volcano 
were projecting missiles in a vertical direction, as the ter- 
restrial theory of meteorites supposes, the resistance of the 
air would be much less effective than if the missile were 
projected in any direction largely inclined to the vertical. 

There is also another consideration. It is well known 
that on the top of a mountain the air is less dense than at 
the foot. Suppose, therefore, the volcanic discharge takes 
place from the summit of a lofty mountain peak, the mis- 
sile will then start on its vertical journey exposed to a 
resistance not very considerable at the commencement and 
lessening as each additional foot of elevation is attained. 
Now there is good reason to believe that in those primeval 
periods, when the meteorites were launched from the earth, 
the mountains were more elevated than they are at pre- 
sent. Here, again, I fear I shall have to reckon with the 
uniformitarian geologist. He will probably dispute this 
contention, and if he does so I confess that I know no 
direct facts which I can urge in support of my belief 
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But my belief is founded on a reason which I hold to be 
so secure that, until some facts can be brought forward 
^ which demonstrate directly that these primeval mountains 
were not more lofty than those which we now have, I shall 
continue to think that our present mountains are but 
degenerate types of the mountains of antiquity. 

The reason is a very simple one. The altitude of moun- 
tains depends primarily on the resultant of antagonistic 
agencies. There are the disturbances from below which 
push the mountains up, for were our earth solid and cold 
throughout its interior no fresh upheavals could arise. 
On the other hand, the disintegrating tendencies of air 
and water tend to reduce the elevations of the mountain 
summits. In the early days to which we refer the 
subterranean agents by which upheavals were produced 
were far more vehement than they are at present. I do 
not see any reason to think that there has been any 
corresponding large difference between the efficiency of 
^ the disintegrating energies then and their efficiency now. 
I therefore see no reason to doubt that in days so remote 
as those of which we are speaking the mountains may 
under certain circumstances have had greater elevations 
than any mountains of which we know. A volcano which 
has its vent in the summit of one of these exceptionally 
lofty mountains would discharge its missiles vertically, 
under conditions where the resistance of the atmosphere 
would be reduced to a mere fraction of that resistance 
which the artillerist so greatly abhors. 

There are also other considerations which may be 
brought forward in relation to the question of atmo- 
spheric resistance. In a vast volcanic outbreak a prodi- 
gious volimie of gases accompanies the more solid materials 
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at least in the initial stages of their flight. The whole is 
projected aloft in such a way that the missiles moving 
upwards are surrounded by gases or vapours moving per- 
haps just as fast. In such a case the atmospheric resist- 
ance, so far as the missile is concerned, is reduced to a mere 
nothing. 

In considering the objections arising from the resist- 
ance of the air to the terrestrial theory of meteorites, 
observations on the sun are very instructive. It is known 
that our great luminary is surrounded by a prodigious 
atmosphere which would expose to missiles projected 
through it a resistance enormously in excess of that which 
any bodies projected from the surface of the earth would 
encounter in their passage through our atmosphere. And 
yet we find that in some of the great solar eruptions in 
which metallic vapours are projected outwards, a prodi- 
gious elevation is frequently reached by these gaseous 
masses, notwithstanding the resistance of the medium 
through which they have to force their way. Indeed, 
observations have been made which seem to show that the 
velocities thus attained are frequently sufficient to force 
the emitted gaseous volumes completely through the en- 
compassing atmospheric envelope, and even then leave 
them at the exterior of the solar atmosphere with suffi- 
cient speed to carry them entirely away from the sun on 
a voyage through space. Here, then, we see that the 
explosive forces on one body of our system are amply 
tufficient, not alone to overcome the retardation due to 
she resistance of its atmosphere, but to allow the missile 
to depart frt>m its precincts with a speed which is nearly 
a hundred times as great as that which would be required 
to expel a projectile from our earth. 
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After attentive consideration of the various points which 
have now been discussed, it will, I think, be admitted 
that the great initial velocity which the terrestrial theory 
of meteorites demands can no longer be deemed an in- 
superable objection to its acceptance. We need not ask 
that the necessary violence shall have been manifested 
very often in comparison with the total number of volcanic 
outbreaks. All we demand is, that during the millions of 
years in which the crust of the earth has been consolidat- 
ing there shall have been occasionally outbreaks of suffi- 
cient vehemence to have discharged clouds of fragments 
with such energy that they shall leave the earth, or rather 
the earth's atmosphere, with a velocity of not less than six 
miles a second. If this be granted, then the explanation 
of the origin of the meteorites is complete. 

Each little particle after taking leave of the earth to 
commence it6 voyage through space, will be acted upon by 
the attraction of the sun. To a certain extent, of course, 
the attraction of the earth must also affect the movement 
of the body, but after a time it will generally happen that 
the attraction of the sun will become of paramount im- 
portance in the control of the movement. This will be 
obvious when it is remembered that the sun is more than 
three hundred thousand times as massive as the earth, and 
that therefore at equal distances the potency of the sun's 
attraction when compared with that of the earth is to be 
expressed by the same number. We know that the attrac- 
tion varies inversely as the square of the distance, so that 
by the time the missile has reached a point which is about 
the five-hundredth part of the present distance between 
the earth and the sun, the attraction of these two bodies 
on the missile will be equaL In fact, long ere the little 



346 IN THE HIGH HE A VENS. 

objeot had reached a distance which is as great as that 
between the moon and the earthy the sun's attraction would 
have surpassed the attraction of the earth. 

Assilming that the body moved in a straight line with a 
speed of seven miles a second, it is easy to show that after 
eight or nine hours it would have passed more under the 
influence of the sun than it was under that of the globe 
from which it had taken its rise. It is, therefore, obvious 
that ere long the object would be so far affiliated to the sun 
that it would have practically renounced all connection 
with the earth, which would now mainly operate as a per- 
turbing agent in its movement. The laws of dynamics 
assure us that under these circumstances the missile will 
continue to move in what is practically an orbit around 
the sun. The size of this orbit will depend upon the 
particular circumstances of the case. 

Let us suppose that the initial velocity does not exceed 
a certain definite amount. Then it is plain that the 
figure in which the object is constrained to move must 
be an ellipse, the motion being performed in accord- 
ance with Kepler's laws, around the sun placed in the 
focus. The plane in which the little body moves as 
well as the time which the journey requires depends on 
the initial conditions as to speed and direction under 
which the projection took place. It is all-important for 
our present purpose to know that the orbit must cross 
the point from which the meteorite originally took its 
departure. Perhaps it would be more correct to say that 
it must pass in the vicinity of that point, for the attraction 
of the earth will no doubt slightly modify the initial cir- 
cumstances of the movement, and indeed there are other 
perturbations which ought not to be overlooked. We 
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ma J, however, conclude that in its voyages through space 
the meteorite pursues a track which generally or fre- 
quently crosses the earth's track. This conclusion is a 
most essential point, and in it lies the fundamental argu- 
ment in favour of the terrestrial origin of meteorites. 

Have we not seen the improbability that a meteorite pro- 
jected from a minor planet, such as Geres, shall fulfil the 
necessary condition of crossing the earth's track, for there 
are so many chances against it ? Have we not also seen 
that a meteorite projected from a globe lying in the stellar 
regions would almost certainly fail even to cross the orbit 
of our earth, inasmuch as the probability of its doing so 
would be only one against many thousands of millions ? 
When, however, we locate the volcanoes which are pre- 
sumed to be the origin of meteorites on the earth, these 
improbabilities disappear altogether. Instead of the 
chances against the orbits of these bodies crossing the 
earth's track being millions to one, or thousands to one, 
the fact that they must generally or frequently do so has 
become a demonstrable certainty. Indeed, they would 
always do so were it not possible in certain cases for the 
existence of disturbances, such as would be produced by 
the passage of a meteorite near the moon, to derange the 
path so far as to warp the little body into a direction which 
passed slightly within or slightly without the earth's 
track, instead of directly through it. There is also the 
effect of planetary perturbation both on the orbit of the 
meteorite and on that of the earth to be borne in mind 
But the probabilities of the situation have been entirely 
transformed when we consider the terrestrial theory of 
meteorites. The probabilities are now that the missile 
does fulfil the necessary condition of crossing the earth's 
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track, while on the other theories the probabilities ranged 
themselves against this fundamental requirement. Every 
missile projected from a mighty primeval volcano on this 
earth with the requisite speed will be freely revolTing 
around the sun in an elliptic track, and frequently cross- 
ing the earth^s path. 

We have learned from Tschermak the fundamental fact 
that in all probability meteorites owe their origin to some 
volcanic source. Adopting this as a fundamental position, 
I have given the astronomical grounds which appear to 
demonstrate conclusively that these volcanoes must have 
been on our own earth. I am, however, at once met by 
the objection, that the mineral substances found in mete- 
orites are not those which mineralogists generally speaking 
recognise as the products of terrestrial volcanoes at the 
present day. I fully admit this, indeed it is well known 
that in many cases a meteorite can be shown by chemical 
analysis alone to be one of those bodies which has fallen 
from the sky. Not only the actual minerals which are 
present, but the form in which they are associated, are 
generally speaking so characteristic that the meteoritic 
character of a stone can often be unhesitatingly pronounced 
upon even though the fact of its fall is entirely im- 
known. This is a very great difficulty, and I should 
be inclined to regard it as an insuperable one were it not 
for a particular circumstance on which J must now dwell 

No doubt it is quite true that the character of a mineral 
mass will, generally speaking, enable the experienced 
mineralogist to pronounce decisively whether the object 
is meteoritic or whether it is not. There is, however, one 
notable instance in which the ordinary rules for the 
diagnosis of a meteorite would have certainly proved 
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fallacious. I allude here to the famous mass of so-called 
meteoric iron discovered by Nordenskjold, at Ovifak, on 
the coast of Greenland. Great masses of metallic iron 
amounting collectively to many tons were found at the 
place which we have named. The occurrence of iron in a 
metallic state is a circumstance so unusual that specimens 
of this body were examined with particular interest. The 
iron was found to be mixed with nickel, thus producing 
the remarkable alloy generally recognised as characteristic 
of meteorites. This suggested that these Ovifak irons 
might have tumbled down from the sky, like other masses 
of iron-nickel alloy which were known to have done so. 
The conclusion was indeed quite a natural one when it 
was observed that the metal in question differed in no 
perceptible respect from that in undoubted meteorites. 

Olose examination on the actual sea-shore where these 
masses were found has, however, made it clear that the 
famous Ovifak irons have come, not from the heavens 
above, but from the earth beneath. There are a large 
number of pieces which lie imbedded in basalt, and as 
the surrounding rock has weathered away the lumps of 
iron have become exposed. It is also plain from the 
complete manner in which the irons are incorporated with 
the once molten lava that it would be absurd to attribute 
to them a meteoritic origin. Had lumps of iron-nickel 
alloy been lying simply on the basalt beneath, then of 
course they might have been concluded to be meteoritic 
with just the same logic as that by which a celestial 
origin was attributed to the great iron mass found by 
Pallas in Siberia. But it is perfectly plain that the 
Ovifak iron has once been surrounded by molten lava, for 
sections of some specimens exhibit in the most striking 
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manner the way in which the iron graduates into the 
adjacent minerals. 

A meteoritic origin of these masses would be only 
possible on a wholly preposterous hypothesis. To account 
for them on such a theory we should haye to suppose that 
at a time when molten lava was poured forth from a 
volcano or was welling upwards from the earth's interior 
to the surface^ it so happened that an unparalleled fall of 
tremendous iron meteorites plumped down from the sky 
just into that particular spot which the lava occupied. 
We need not entertain a supposition so widely improbable. 
It is perfectly plain that the Ovifak irons have not come 
down from above. We must adopt the other alternative 
that they have come out with the basalt from the interior 
of the earth. 

This is a conclusion of an extremely instructive cha- 
racter. We may note that it derives confirmation from 
the discovery of Andrews that metallic iron^ though no 
doubt in minute particles, was a constituent in some 
specimens of basalt obtained in the north of Ireland. 
Other circumstances corroborate the notion that iron is 
extremely abundant in the interior of the earth. The 
phenomena of terrestrial magnetism indicate that this 
element must be an important constituent in the earth's 
interior. The argument derived from the density of 
the earth also deserves notice. It has been established 
that the mean density of our globe is upwards of five 
times that of water. But even the heaviest rocks which 
lie on the earth's surface have a density scarcely three 
times that of water. Of course it must be admitted that 
the materials in the centre of the earth are exposed to 
prodigious pressure, but yet there is nothing we Imow as 
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to tlie nature of granite^ whether solid or molten, which 
would lead us to believe that any amount of pressure 
could elevate its density from three to five. The onlj 
way of accounting for the high density that the earth 
exhibits as a whole, is by the assumption that there must 
be vast metallic masses in the interior. Considering the 
well-known abundance of iron in the earth's crust it can 
hardly be doubted that this is the element which gives its 
high specific gravity to our globe. 

Spectroscopic evidence as to the presence of iron else- 
where demonstrates its abundance. Iron exists in profu- 
sion in the sun and in many of the stars, so that taking 
all these matters into account it seems highly probable that 
this element abounds in the deep interior of our earth. 
This being granted there is now no difficulty in account- 
ing for the presence of the great Ovifak masses. As the 
molten lava issued from some volcanic vent it swept forth 
mighty fragments of that iron whose abundance in the 
earth's interior is shown on other grounds to be so 
extremely probable. 

There is also one other instance which may be adduced 
in which specimens of this peculiar iron-nickel alloy have 
been shown to be of terrestrial origin. There is a remark- 
able extinct volcano known as Coon Butte in Mexico. It 
is one of many others which indicate that the country 
which contains them was at one time intensely agitated 
by volcanic forces. All the evidences of volcanic activity 
are around, the congealed streams of lava are still to be 
seen, as well as the craters from which that lava has 
emerged. The circumstance in connection with this 
region which is important for our present purpose is the 
presence of a multitude of masses of metallic iroA "^^ 
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are strewn around. These irons so closely resemble tin- 
doubted meteorites both in appearance and in composition 
that it was perhaps not unnatural that they should have 
been deemed to have had a celestial origin, and the fact 
that these so-called visitors from the sky were strewed in 
and around the volcanic vents has been commented on as 
a remarkable coincidence. 

With the knowledge obtained from the Ovifuk iron, 
we can at once place what is doubtless the true inter- 
pretation on the interesting phenomena at Coon Butte. 
It is perfectly certain that these iron masses never came 
down from the sky. We do not doubt their resemblance 
to meteoritic bodies ; in fact that there is such a resem- 
blance is a part of our argument, but what we desire to 
point out is that they have been simply extruded from 
the earth itself in the course of a volcanic eruption. 
Their existence in their present situation forms an inde- 
pendent line of testimony to show that so far from the 
iron-nickel alloy being only found in genuine meteorites, 
it is distinctly a terrestrial substance appearing abun- 
dantly in certain volcanic localities. I would therefore 
look at Coon Butte as an illustration on a feeble and 
degenerate scale of one of the mighty volcanoes of ancient 
days. 

I do not think, indeed suggest, that this particukr 
volcano was one of those from which meteorites have 
been launched. Probably at the comparatively modem 
date when Goon Butte itself was active, its energy was 
of a far less potent description than that which would 
have been required for driving the missiles free from the 
earth. But it requires no great effort of the imagination 
to think of a primeval volcano charged with materials 
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similar to those whicli now lie around Coon Butte and 
testify to its former activity. If it had projected those 
materials aloft with the necessary speedy they might well 
have been the meteorites which sometimes fall down here 
to-day. 

In conclusion I will just recapitulate the main points 
of the argument on which we have been engaged in this 
chapter and the last. I have started from the doctrine 
put forward by Tschermak, and not, so far as I know, 
successfully impugned by any other mineralogist, that 
meteorites have had a volcanic origin on some large 
celestial body. I have examined the different globes that 
migbt possibly be presumed to be the source of the 
meteorites. I have shown that though the moon may 
once have been the parent of certain missiles, it cannot 
be reasonably held to be the source of the meteorites 
which now fall, inasmuch as the lunar volcanoes are now 
extinct, and the ejects of the volcanoes of a past epoch 
must, if they escaped at all, have fallen long ago or shortly 
after their ejection. I have then brought under review 
certain of the planets belonging to our system. I have 
shown how it would be extremely improbable for any 
missile projected from one of the smaller of these bodies 
ever to tumble on the earth. I have also shown that the 
orbits of the small planet are so situated that a very high 
velocity of projection would be necessary, in order to 
convey a missile from a volcano there to a resting-place 
here. I have shown the extreme unlikelihood that any 
missile discharged from a volcano, on a globe lying 
somewhere in the stellar distances, could ever reach this 
earth. I have shown this improbability to be so great, 

that even though there might be hundreds of millions of 

z 



presumable globes tbroughout space, we cannot entertain 
the supposition that any missile starting from one of 
them could ever fall down here. I have shown that 
meteorites cannot be reasonably associated with comets, 
notwithstanding the undoubted alliance which exists 
between comets and shooting-stars. 

In the search for the body which must be credited 
with the parentage of the meteorite I have come at 
last to our own earth. It is true that difficulties have 
been urged against the view that meteorites have been 
derived from the globe on which we live. I have 
endeavoured to remove these difficulties, and I believe I 
have shown that they are, at all events, far less consider- 
able than those which are experienced when we endeavour 
to attribute the meteorites to any other source that has 
been alleged. The objections that are felt to the view of 
the terrestrial origin of the objects are threefold. They 
are, firstly, the excessive initial velocity which would be 
required ; secondly, the interference which the resistance 
of the air exposes to the passage of a meteorite from this 
globe to outer space; and, thirdly, the circumstance 
that meteorites do not resemble the more familiar sub- 
stances recognised as belonging to terrestrial volcanoes. I 
do not think I am over sanguine in the belief that, serious 
as these difficulties may seem, they can be overcome. 

In the first place, with regard to the initial 
velocity, I have pointed out that velocities, even one 
hundred times as great as that which we require, are at 
this moment occasionally imparted by explosive outbursts 
of the sun. Why, then, may not eruptions possessing 
one-hundredth part of the power of those which we see in 
the Sim have taken place in our earth in primeval days. 
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shortly after it had attained a solid exterior, but while its 
internal fervour was more vigorous than it is at present ? 
I have pointed out, that though a great column of gases 
and vapours, projected vertically from a volcano, may be 
exposed to tremendous atmospheric resistance at its 
exterior, it may yet contain missiles in its interior whose 
movements are but little interfered with. In illustration 
of this I cited the well-known fact, that notwithstanding 
the resistance of the solar atmosphere, metallic vapours 
are often projected through it, with prodigious velocity, 
to an altitude of scores of thousands of miles. Lastly, I 
have dealt with the argument that may be derived from 
the fact that the minerals at present most abundant on our 
earth are not those which come down in meteorites. It 
has, however, been demonstrated, both at Ovifak and at 
Coon Butte, that the iron-nickel alloy, which is above 
all other substances most characteristic of meteoritic 
masses, is a terrestrial mineral. It has been found in the 
two places I have named, under such circumstances as to 
prove that it must have been extruded from the earth's 
interior. It therefore seems that there can be no doctrine, 
with regard to the source of meteorites, which has the 
same probability in its favour as that which assigns to 
them an origin in volcanoes in a primeval condition of 
the earth. 



CHAPTER XT. 



THB CONSTITDTION OF ( 



iF late jeam the attention of those who 
study the myateries of natare haa 
specially tended in the direction of 
examining the very smalleet particles 
into which the ofaemical elements can 
be divided. It is true that these 
particles or molecules, as we generally call them, are too 
minute to be appreciated by our senses ; they cannot be 
detected even by the most potent microscope. Indeed, if 
we will but think of it, we could hardly expect our nerves 
to disclose the character of objects so minute as molecules. 
Like all the rest of matter, nerves are constituted of mole- 
cular particles, and the structure of the most sensitive 
fibre is far too coarse to transmit indications of the special 
characteristics of the molecules, of which matter in general 
is composed. The little objects about which we are to 
write are things which we can never see, which we can 
never feel severally. They require to be brought together 
in clustering myriads where individual peculiarities are 
merged in general properties before they can make any 
successfiJ appeal to our organs of sense. 

How then, it may well be aeked, are we able to learn 
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anything as to the nature of objects which so success- 
fully elude giving any direct testimony appreciable to 
our senses P Seeing this difficulty^ it can hardly be sur- 
prising if some should have doubted the accuracy of 
the results at which philosophers have arrived with 
regard to the ultimate constitution of matter. But 
there are methods of discovering truth which are in 
certain cases capable of more subtle work than the 
direct indication of our senses. It is these indirect 
processes which have taught us much regarding that 
invisible world which lies around. In certain respects 
we may contrast the subject about which we are now to 
be engaged with those great themes which more usually 
occupy the attention of astronomers. In the case of the 
heavenly bodies the mind is taxed by the effort to conceive 
distances so tremendous, masses so enormous, and periods 
80 protracted that we often despair of obtaining adequate 
notions of magnitudes which altogether transcend our 
ordinary experience. We are now to make an appeal to 
the imagination in a precisely opposite direction. We 
are to speak of masses so minute, of distances so short, 
and of periods so infinitesimal, that it is utterly impossible 
for us to parallel them by the phenomena with which our 
senses make us directly acquainted. 

At both extremes, however, we employ the same 
weapons for the study of the phenomena of nature. 
Mathematical investigation submits to no restriction 
either in the greatness of the space over which its com- 
mand extends, or in the minuteness of the portions 
which must obey its laws. The principles of dynamics 
are equally applicable whether the periods of time which 
they conteimplate shall be millions of years^ as they ofteQ 
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are in astronomy, or tlie millionth part of a second, as 
they often are in physics. Let me here endeaTour to set 
forth some of the results at which natural philosophers 
have arrived with regard to the ultimate constitution of 
matter. 

Take a lump of loaf sugar and crush it in a mortar, each 
of the fragments is, of course, a particle of sugar still. Let 
the operation of grinding be carried on until the entire 
lump has been reduced to powder of the utmost fineness, 
which any grinding apparatus is capable of effecting. 
Each of the minute particles is still, nevertheless, a frag- 
ment possessing the attributes and properties of sugar. 
It has the sweetness and the hardness, the solubility and 
the chemical composition of the original lump. There is 
a difference in dimensions, but no difference of any other 
kind. But now let us suppose that we were in possession 
of some pulverising apparatus which would permit the 
reduction of the sugar to be carried on to an extent far 
greater than that which could be obtained by the most 
perfect grinding-mill known to the mechanic. The sugar 
might be comminuted by such agency to so great an 
extent that the little particles into which it had become 
transfomied could only be discerned as the smallest of 
specks under the most potent of microscopes. We have 
the best reasons for knowing that even these little specks, 
which are of such extreme minuteness that the original 
lump contained many millions of them, are still, neither 
more nor less than sugar. 

Up to the present stage the reduction has not trans- 
formed, so to speak, the actual nature of the material 
submitted to the treatment. Though the particles have 
been prumbled to such an extent that ^fter any further 
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diminution they would oease to be visible, even in the 
microscope, yet we can^ at all events, conceive that further 
disintegration could be carried on. In fact, the very 
smallest of these grains, only just visible under the 
microscope^ might be crushed into a thousand parts, and 
still each little part would not yet have lost the attributes 
which belonged to sugar. We have now arrived at the 
conception of a magnitude too small to affect any of our 
senses, no matter how they may be fortified by the aid of 
instruments. But the trituration may be conceived to 
be carried on one step further, until, at last, the 
original lump has been reduced to particles of sugar so 
small as to admit of no further subdivision without a 
total transformation in character. This is an extremely 
important point. It may, in fact, be regarded as one of 
those cardinal doctrines which it has been the glory of 
modem science to teach. There was a time when it was 
believed that the subdivision of a particle of sugar might 
be carried on indefinitely. We now know that is not 
the case. We know there is a certain portion so 
small that it cannot be again divided. I do not mean 
that this particle is not in itself composed of separate 
objects, but what I do mean is, that if, when we have an 
ultimate particle of sugar^ it were divided into two parts, 
as it might be by chemical processeSi neither of those two 
parts would be sugar or anything like sugar. They 
would each be something which possessed neither the 
hardness^ nor the colour, nor the sweetness, nor, indeed, any 
of the attributes characteristic of the original material. 

This same argument may be applied to every other 
substance besides that which I have taken as a first illus- 
tratioii. The atmosphere, composed aa it is of oxyg;e^ 
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and nitrogen, witli traces of other gases, must consist in 
ultimate analysis of myriads of gaseous molecules. There 
are molecules of oxygen, and molecules of nitrogen, as 
well as molecules of the other gases. No doubt the 
molecule may consist of parts ; indeed we know, as a 
matter of fact, that it does consist of parts ; it is therefore 
conceivable that the molecule could be subdivided, but 
these parts, whatever other properties they might have, 
would certainly not possess the characteristics of the 
original gas to which the molecule belonged. 

It is something to have learned so much at all events 
with regard to the composition of the air we breathe. 
But we have been able to find out a great deal more, 
and to discover that the behaviour of these little mole- 
cules is of the most extraordinary and vivacious descrip- 
tion. That air is eminently mobile is sufficiently obvious ; 
but the air which fans our faces, or the wind which turns 
our windmills, or even the hurricane which devastates 
whole towns, gives only a very imperfect idea of the real 
mobility of air. The hurricane may move, perhaps, at a 
pace of a hundred miles an hour, but that is a velocity 
which might almost be described as sluggish in compa- 
rison with the molecular movements of the ultimate 
particles of gases. For our present purpose we may think 
of the air, not as it blows over the mountain tops, but as 
it lies in some secluded cavern where all seems absolutely 
still. No doubt to our ordinary methods of investigation 
the air and every particle of it may seem in such a case to 
be absolutely quiescent, but we have ascertained that the 
apparent quietness is really the result of the want of suffi- 
cient acumen in our organs of sense. Had our perceptive 
powers becQ endow^ with t^ie necessary subtlety, wq 
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should have perceived that the apparent calm had no real 
existence. On the contrary, it would have directly 
appeared that the ultimate molecules of the air were in a 
condition of exuberant liveliness. 

No doubt the smallest particle of air which could be 
directly appreciable by any of our appliances for measure- 
menty seems a homogeneous structure and perfectly 
quiescent in its several parts. When, however, we 
conduct the examination into its character by those 
refined methods of investigation which are now at our 
disposal, we find that the air is ultimately composed 
of myriads of separate particles. Each of these little 
particles, no matter how quiet the air as a whole may 
seem, is in a state of intensely rapid movement. Picture 
to yourself incalculable myriads of little objects, each 
dashing about with a speed as great as that of a rifle 
bullet, and often indeed far greater. The little particles 
are so minute that it would take about fifty millions of 
them, placed side by side, to extend over a single inch. 
The smallest object which we can discern with a micro- 
scope is perhaps one hundred-thousandth of an inch in 
length. The little gaseous molecule would therefore 
require to possess a diameter about five hundred times 
greater than that which it actually has, if it were to be 
large enough to admit of inspection by the utmost micro- 
scopic powers which we could bring to bear upon it. And 
yet, notwithstanding the fact that these particles are so 
extremely minute, we are able to reason about their exist- 
ence, to discover many of their properties, and to ascertain 
the laws of their action in such a way as to throw light 
into many obscure places of nature. I do not, indeed, 
l^^ow any doctriQe in mpd^ri^ sciei^c^ of ^ more instruQ- 
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tive character than that which teaches us the composition 
(»f gases. 

The movements of the gaseous molecules are, however, 
so wonderful that it is hardly surprising that those who 
are invited to believe these things should demand satis- 
factory evidence as to the existence of phenomena, which 
from the nature of the case seem to lie out of the reach of 
direct inspection by the senses. The methods by which 
our knowledge of the constitution of matter has been 
obtained, is by reasoning from the phenomena which our 
senses reveal to the more refined and supersensible con^ 
ceptions of molecular physics. I could not undertake in 
a work of this description to give any complete account 
of the evidence by which these remarkable doctrines are 
sustained. I will therefore only indicate one of the main 
lines of argument, by which the necessity for the belief 
of an important part of the molecular doctrine of gasec; 
has been satisfactorily demonstrated. 

There are no more fundamental properties possessed by 
a gas than those which are connected with the pressure 
which it exerts. K included within a closed chamber, a 
gas presses against the walls of that chamber. In this 
case there is a notable contrast between the behaviour of 
solids, of liquids, and of gases. Suppose, for instance, 
that a cubical box be fitted with a block of iron which 
fills it exactly. The metal presses, of course, on the 
bottom of the box, but not on all its sides. If the iron 
be removed and the cubical chamber be now filled with 
water, the liquid presses as before on the bottom with its 
entire weight, but in addition there will be a lateral 
pressure exerted by the liquid against the sides of the 
y^ssel, £ve^ in this cfise, however, th^re is ii) genen^l 



THE CONSTITUTION OF GASES. 363 

no pressure on the upper surface, and to this extent the 
behaviour of the water resembles that of the iron. 
Finally, suppose that the box be filled with gas or vapour^ 
this substance will, like the solid or the liquid, press on 
the bottom of the box, with the entire weight of the gas, 
it will like the liquid exert a lateral pressure, but it will 
differ from both the other substances by its manifesting 
an upward pressure. It will generally, therefore, be 
necessary to provide a cover for the box, or if there be no 
cover to expose the upper surface of the gas to pressure in 
some other way, in order to retain it within the limits of the 
cube. No doubt under ordinary circumstances we may fill 
a vessel to the brim with carbonic acid gas, and the gas 
will remain much in the same manner as if the vessel had 
been filled with water. But the carbonic acid in such a 
case is kept down by the pressure of the superincumbent 
atmosphere. If that pressure were removed the gas 
would speedily expand and overflow, unless a cover were 
provided by which it was restrainedi and then the gas 
would exert an outward pressure upon the cover, showing 
that it had the tendency to expand even though actual 
expansion was not permitted. 

It will be seen that in this behaviour a gas is totally 
different from a solid or a liquid. No doubt evapora- 
tion is generally speaking taking place from the upper 
surface of a liquid, and the vapour thus produced acts 
as a gas, so that in this respect some slight qualifica- 
tion of the above statements might be necessary. But 
nothing can be more obvious than the fact that the 
upper pressure of the gas indicates some profound 
difference between its molecular structure and that of 
9 solid or a li(^uid, We ^^e ^ apcustopie4 to this 
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manifestation of gaseous pressure that its extraordinary 
cliaracter is apt to be overlooked on accounts of its 
familiarity. Let us, therefore^ consider tlie matter care- 
fully, and perhaps the simplest method of doing so will be 
to think of a vertical cylinder with a piston that fits 
closely, but can move freely. Beneath this piston gas is 
supposed to be present, and we may imagine the pressure 
to be SO adjusted that the piston shall be ascending in 
consequence of the pressure exerted by the gas. The 
question to be examined relates to the force by which 
this upward movement of the piston is caused. At first 
it might be urged that the force is simply due to elas- 
ticity, and of course this is true, though it is &r from 
providing the required explanation of the difficulty. Let 
us look a little closer into the matter and see if we cannot 
ascertain what may be the physical character of this so- 
called elasticity. We have seen that gas is composed of 
an innumerable host of molecules, and therefore it must 
be in some way owing to the action of the molecules that 
the piston is compelled to ascend in opposition to gravi- 
tation. 

It is necessary to believe that what elevates the piston 
is nothing more or less than the hammering of the little 
gaseous molecules underneath. If the gas be compressed 
into half its volume then the distances of the molecules are 
lessened, and the number of blows that the piston receives 
in a given time is doubled, so that the force with which 
the piston is pushed upwards is also doubled. This 
accounts for that fundamental property of the gas which 
declares that when the temperature remains unaltered 
the pressure varies inversely with the volume. The effect 
Qf heat in increasing the pressure of a g;a8 can b^ simi- 
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larly explained. If the gas beneath the piston be heated 
the velocities with which the molecules are animated be- 
come increased. The energy with which they rap on the 
piston likewise becomes greater, in other words the effect 
of heating a given volume of gas is to increase its pres- 
sure. We thus see how the well-known properties of 
gases can be completely accounted for on the supposition 
that their constitution is precisely that which the mole- 
calar theory affirms. 

As the gaseous molecules dart about they frequently 
come into collision. The effect of such a collision or 
encounter, as it is more properly called, is to deflect each 
of the molecules from the rectilinear path, which it had 
previously pursued, and to send it off in a new direction. 
These collisions take place with such frequency that in 
gas, at the ordinary temperature and pressure, each mole- 
cule experiences them at the rate of millions in a second. 
The path of each molecule thus consists of the free parts, 
during which it is practically uninfluenced by other mole- 
cules, and the disturbed parts during which it is acted 
upon by the molecules with which it has been fortuitously 
brought into collision. The frequency of these encoun- 
ters depends, among other things, upon tne density of the 
gas. In gas of the utmost rarity, such as that which is 
contained in the vessels employed by Mr. Crookes for his 
radiometers, the free path of the molecule may be as much 
as a quarter of an inch before it is turned aside in an 
encounter 

The actual parts of the molecule are themselves in a 
state of active vibration, and the nature of that vibration 
is often of a highly complex character. Notwithstanding 
the extreme minuteness of the vibrating particles, we are 
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able in some degree to learn certain properties of the 
vibrations with which it pulsates. Let us take, for in- 
stance, the element hydrogen and see what can be ascer- 
tained with respect to the molecules of that gas and their 
yibration. For the purpose of the experiment hydrogen 
in a state of extreme rarification is put into a tube, and a 
current of electricity from the induction coil is passed 
through it. The gas begins to glow with luminosity, and 
when the light is transmitted through the slit of the spec- 
troscope lines characteristic of hydrogen are displayed. 
The visible lines are now known to be only a small part of 
the total spectrum of this element. For when the radia- 
tion from glowing hydrogen, either as obtained from a 
terrestrial source or from some of the stars, is photo- 
graphed after passing through the prism, several lines are 
indicated that do not consist of light visible to the eye 
though visible to the peculiar sensibility of the photo- 
graphic plate. 

This system of spectral lines, so characteristic of hydro- 
gen, must arise in some way from the molecules of which 
we know the gas to be constituted. We shall, therefore, 
consider how such effects are produced. A bright line, 
such as one of those of which the hydrogen spectrum is 
composed, arises from vibrations in the ether of one 
definite refirangibility. The effect of transmitting light 
through a prism is to sort out the different rays in accord- 
ance with their several refrangibilities. When, therefore, 
the spectroscope shows that light from incandescent hydro- 
gen resolved into a number of bright lines, it thereby 
demonstrates that the radiation emitted from the glowing 
gas consists of just so many rays of the particular refran- 
gibilities to which those lines correspond. But the re- 
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frangibility. of a ray of light depends upon its waTe-length. 
Hence, then, we see that glowing hydrogen emits a 
number of rays possessing certain definite wave-lengths 
and no others. The rays of intermediate wave-length are 
entirely wanting. In this respect, of course, a funda- 
mental contrast is presented between such a spectrum as 
that we are considering and the spectrum of an incande- 
scent solid in which light of every wave-length between 
certain limits is manifested. Each wave-length corre- 
sponds, of course, to a certain system of undulation in the 
ether. We are hence assured that the radiation from 
hydrogen translates itself into a certain system of waves 
of ether, each with its own particular period. 

We must, therefore, expect to find that the hydrogen 
gas possesses the means of imparting to quiescent ether 
those particular vibrations that the spectroscope reveals. 
It will be obvious that the movements of the molecule 
of hydrogen as a whole are not what will answer the 
purpose. Such movements are not in the nature of 
vibrations. It is indeed known that the speed with 
which a molecule of hydrogen is animated undergoes 
frequent changes. If the positions of the lines in the 
spectrum were directly dependent on the velocity of 
translation of the molecules, the spectrum could not be 
expected to exhibit the characters which we actually find 
it to possess. It is, therefore, impossible for the origin of 
the spectral lines to be attributed to any other source than 
those internal agitations which each molecule itself pos- 
sesses. The oscillations of tHe several parts of the mole- 
cule impart vibrations to the surrounding ether which are 
from thence propagated as radiant light. The vibrations 
of an elastic body are isochronous^ that is to say, per- 
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formed in equal times, and to this extent the molecule 
behaves as an elastic body. The pulses which it imparts 
to the ether just possess the properties requisite for the 
production of light. 

It is, howeyer, necessary to suppose that the vibrations 
which the molecule communicates to the ether are not 
solely of one type. Were this the case only one set of 
waves would be propagated, and there would only be a 
single line in the spectrum. In the spectrum of hydro- 
gen, however, there are, as we have seen, quite a num- 
ber of lines. These seem to resemble harmonics of 
some fundamental note. It would, therefore, appear as if 
the molecule of hydrogen, in addition to its fundamental 
vibration in the note which properly belongs to it, pos- 
sessed a number of subsidiary vibrations which might 
properly be regarded as harmonics. The molecule is thus 
acting in much the same way as a musical instrument, 
which, in addition to tbe primary note to which it mainly 
responds, disperses at the same time and in consequence 
of the same impulse a number of fainter notes which are 
harmonics of the fundamental one. 

It is quite evident that the molecule of hydrogen must 
be of a much simpler cbaracter than the molecule of many 
other elements. For though the spectrum of hydrogen 
contains a large number of lines, most of tbem, if not 
indeed all, belong to a group of associated vibrations. In 
the case of other elementary bodies the complexity of the 
spectrum is such as to make us tbink that the vibrations 
of the molecule must be of a very complicated character. 
Thus in the case of iron, we find that when this element 
is brought to the gaseous state by heat, the light which it 
emits has a spectrum containing some thousands of linea 
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It may no doubt be true that groups of these correspond 
to harmonics of a smaller number of fundamental notes, 
but even with this admission the vibrations of the mole- 
cule of iron must necessarily be of a highly elaborate 
descriptiop. 

The effect of heating a gas is to make its molecules 
move more rapidly. When this happens the collisions 
between the molecules take place with greater vehemence, 
and the internal agitations of the molecules arising from 
the shocks of their collision are all the more intense. 
Hence, when the gas becomes hot enough, the molecules 
vibrate sufBciently to produce undulations in the ether 
strong enough for the perception of light. 

Much of what has been said with regard to light may 
be repeated with regard to heat. We know that radiant 
heat consists of ethereal undulations of the same character 
as the waves of light. Hence, we see that the heat or 
the light radiated from a glowing gas is mainly provided 
at the expense of the energy possessed by the molecules 
in virtue of their internal oscillations. 

One of the most instructive applications of these prin- 
ciples is to afford an explanation of the means by which 
the sun sustains its heat, of which we have already spoken 
in a previous chapter. As the great luminary is a mass 
of glowing gas or vapour, it is of much interest to examine 
how I'ar the doctrine of the molecular theory of gases can 
answer the great question of solar physics. It has of 
course been long known that the sun retained its power 
of radiating heat for so many ages in virtue of its con- 
traction. Helmholtz had shown that the amount of 
potential energy due to gravitation in a mass of matter 
equal to that of the sun, and expanded over a volume as 

A A 
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great as that which he occupies, would completely account 
for solar radiation. It was only necessary to suppose that 
this Tolume of matter contracted in consequence of the 
mutual attraction of its parts. As it diminished in bulk, 
the quantity of potential energy would be of course les- 
sened. But as energy could not be lost, that disappearing 
potential energy must be manifested in some other form. 
This was accomplished by its transformation into heat, 
which kept the sun so far supplied as to maintain its 
radiation unabated for uncounted thousands of years. It 
was easily demonstrated that a shrinkage in the solar 
diameter too small to be appreciable by any measurements 
we could make, would, nevertheless, set free a quantity 
of heat sufficient to maintain the radiation for a period of 
two thousand years. The molecular theory of gases 
stands in a significant relation to this beautiful discovery 
of the great German philosopher. It is quite clear that 
the necessary energy is indeed afforded by the contraction^ 
but it is not quite so easy to learn the precise character of 
the process by which the energy after disappearing from 
the potential form reappeared as heat. We want as it 
were to see the mechanism by which this is effected. 
This \\ is which the molecular theory of gases enables us 
to do ; we can now follow the entire process of trans- 
formation which the energy undergoes. 

Gbayitation at the surface of the sun is of course very 
much greater than at the surface of the earth. It is easy 
to show that if two globes had the same mean density the 
grayitations at the surface of each would be simply pro- 
portional to its radius. As the radius of the sun is 109 
times as great as the radius of the earth, it would follow 
that if the earth and the son had the same mean density 
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tlie grayitation on the large globe would be 109 times as 
great as that on the earth. It is, however, known that 
in consequence of the high temperature of the sun its 
materials are so much more expanded than are those of 
the earth, that the sun's mean density is only about one- 
quarter of that of the earth. In consequence of this we 
see that the gravitation of a body on the sun's surface 
must be one- fourth of what it would have been if the sun 
had a mean density equal to that of the earth. It thus 
appears that the gravitation at the surface of the sun 
must be about 27 times as great as the gravitation on 
the earth. 

The effect of gravitation on our globe is well known to 
be able to impart to each body in the course of one 
second a velocity equal to (32 feet per second. It there- 
fore follows that a body falling at the sun's surface 
receives in each second an increment of velocity to the 
extent of 864 feet per second. But the visible parts of 
the sun are composed of gaseous or vaporous materials. 
From the molecular spectrum of gases we have been 
taught to believe that the molecules of which the sun 
is composed are in incessant motion. Qravitation con- 
stantly tends to impart to each molecule an increase of 
velocity downwards. It is quite true that we cannot 
expect each molecide should actually acquire an additional 
velocity of 864 feet each second. Indeed, in our own 
atmosphere we have an illustration of the absurdity of 
such a notion. 

The gravitation on the earth imparts to every falling 
body a speed of 32 feet per second. Of course if there 
were only a single molecule coming in from outside 
space it would doubtless hurry in towards the earth 
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with a gradual augmentation of yelocity at the rate 
we haye named* Had our atmosphere been originally 
in a highly diffused state^ gravitation would have drawn 
it in to the stable condition which it at present occupies. 
The condition of equiUbrium in our atmosphere appears 
to be as follows. At the surface of the earth there is of 
course an unyielding surface so far as the air is concerned. 
We may regard the atmosphere as divided into a number 
of concentric shells around the solid sphere. Each shell 
has a density less than that of the shell above it, and 
greater than that of the shell below it. The upward 
pressure from the lower shell compensates for the effect 
of gravitation on the shell above^ and thus the equilibrium 
is sustained. But in the case of the sun there seems to 
be no solid shell possible. The consequence is that there 
must be a general shrinkage of the entire mass; this 
being so the molecules on the whole get nearer to the 
sun's centre, and cansequently, in virtue of the attractive 
power of the sun, work is done on them and they acquire 
enhanced velocity. Thus on the whole the velocities of 
the solar molecules in consequence of the solar attraction 
tend to increase. 

On the other hand there is a distinct loss of energy 
to which the molecules are exposed. As the velocities 
increase the encounters between the different molecules 
become more severe. After each such encounter the 
molecule vibrates with increased energy, obtained at the 
expense of the velocity of translation. The molecules 
are thus rendered more competent to impart energy 
to the surrounding ether, that is to say, they acquire an 
increased power of radiation. Thus we see that the fact 
of the sun's contraction translates itself with a tendency 
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to increased speed in the molecules. A portion of the 

energy thus arising is appropriated by the molecules 

and thus becomes fitted for the sustenance of the sun's 
heat. 

oo long as the sun shrinks in dimensions there will be 
an energy available towards the maintenance of its radia- 
tion. The termination of the supply will be reached 
when the sun has become so far solid that gravitation is 
no longer effective in reducing it« volume at a sufficiently 
rapid rate. 
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distance and mass of its com- 
ponents, 194-195 

period of Xi Ursee Major) s, 
202 
Groombridge No. 1830, velocity of, 
12, 209 

its distance and proper motion, 
208 

its relation to our sidereal 
system, 211 



Hale, Prof., and the study of the 
solar prominences, 86-87 
and sun-spot photographs, 292 
Hall, Prof. Asaph, and the satel- 
lites of Mars, 99 
Heavens, the aspect of the, a mil- 
lion years ago, 12, 15-18, 20 
changes in the, due to the 
** fixed" stars, 21 
Heat, the "heat-wave" of 1892, 
276 
complexity of the causes, 

280 
illustration from the tides, 281 
elements of the tide problem, 

282 
tide prediction, 285 
Lord Kelvin's predicting ma- 
obwe, 285, 286 



Heat, illustration from star-showers, 
283 

a temperature -predicting ma- 
chine, 286-290 

the true thermal measure of 
the** heat-wave," 291 

climate and sun-spots, 292 

{See also Sun) 
Helmholtz and the problem of solar 

heat, 269 270, 369 
Herschel, Sir W., and the voyage 
of the solar system, 24 

and the Great Nebula in An- 
dromeda, 158 

and the movements of binary 
stars, 202 

his Nebular Hyjwthesis exa- 
mined, 212-217 
Hipparchus and the movements of 

the pole, 67 
Hu«rgins, Sir William, and the 
spectroscope, 148, 151 

the colour problem of double 
stars, 153 

spectrum of a nebula, 155 

movement in the line of sight, 
159 

the spectrum of the sun com- 
pared with that of the earth 
at sun -heat, 169 

the elements of the universe, 
206 



Invisible or ''dark" stars, 211- 
212, 240 
more numerous than the bright, 
241, 245 



JuFiTBR in the carboniferous epoch, 
19 
his clouds, 41 
the '* great red spot," 42 
conditions of life on, 49-50 
orbit of, 106 
period of revolution, 108 
rotation of. 111 
physical character of, 113 
collision with Lcxell's comet. 
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Jupiter, 8ize and weight of his satel- 

Htes, 43, 115 
the four satellites known to 

the Chinese, 95 
why the satellites are not dis- 

tingruishable, 96-99 
their distances and periods of 

revolution, 110 
discovery of the fifth satellite, 

99, 105 
lustre, size, distance, period of 

the fifth satellito, 107-108 
orbit of the fifth satelUte, 112 
the problem of the satellites, 

101 
the work of Laplace, 102 
interest of the cuscovery, 100, 

103 
value of the discovery, 104, 

109 
Kepler's law, 109-110 



Kebleb*8 spectrum measurements, 

160-162 
Kepler's law and Jupitor*s fifth 

satellite, 109 



Langlet, Prof., on the waste of 
solar heat, 263 
on the extinction of the sun, 
274-276 
Laplace and the satellite system of 
Jupiter, 102 
the Nebular Hypothesis, 212, 
217-219 
Latitude, how to find, 69 

value of, in observatories, 171, 
73-70 
Lexell's comet in collision with 

Jupiter, 306 
Lick telescope and recent discove- 
ries, 104, 106 
its practical power, 138 
Lockyer*s theory as to comets and 

meteorites, 308 
LyrsB Delta, the p'dnt to which the 
solar system is moving, 26 
Epsilon, 20i 
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IVCan, is he possible on any other 

globe? 44-61 
the destiny of species, 263-266 
heat essential to life, 269 
sources of heat. 261-263 
limit to the sun's duration, 

272 
extinction of the race, 274- 

275 
Mars in the carboniferous era, 19 
conditions of life on, 50-61 
discoverv of the satellites, 99 
orbits of the satellites, 117 
orbit of Mars, 116 
its distance from the earth, 

117 
favourable oppositions, 117 
their recurrence, 120 
Mars compared with the moon, 

121 
compared with Venus, 121 
the most world -like of the 

planets, 124 
dimensions and weight of 

Marfi, 124 
atmosphere, 1 26- 1 37 
its atmosphere compared with 

earth's, 135-136 
composition of its atmosphere, 

136-137 
the gases on Mars, 133 
Mars the smallest planet con- 
taining air and water, 134 
douds on Mars, 135 
water on Mars, 137 
Mars through the telescope, 

138, 140 
its polar snows, 140-141 
its "canals," 141-142, 144 
the stage of physical evolutior 

on Mars, 145 
life and intelligence, 145-147 
Schiaparelli's observations, 

141 
observations of Terby and 

Perrotin, 142 
Meteors, connection with comets, 

167, 297-298 
difierence between meteors and 

meteorites, 167, 296-297 
the Leonids, 168, 295, 207 
the "radiant," 298 
li^eteorites, charact^ of, ?95, ^90 
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Bf etearites, difierenoe from meteors^ 

296-297 
oonstitaent elements of, 299 
oompositloii of meteorites, 348- 

3d2 
Ovifak and Goon Butte 

** irons," 349-862 
not cometary, 307 
Tschermak's voloanic doctrine, 

307, 310 
Locli^er and Prof. Newton's 

theorj, 308 
origin of meteorites, 308-309 
meteorites yolcanic ejects, 310 
whence, 311-355 
objections considered, the 

atmosphere, 341, 345 
career of a meteorite, 345, 347 
recapitulation of argument, 

363-355 
Milkj Waj, the, in remote anti- 
quity, 20 
Million years ago, the star-groups 

of a, 12, 15-18, 20 
Mizar, the system of (m^ Great 

Bear). 
Molecules {iee Oases). 
Moon, the, of the coal measures, 

18 
conditions of life on the, 45- 

48 
compared with Mars, 121 
absence of atmosphere, 126, 

131 
Mott, Mr. A., his theory of lunar 

atmosphere, 128 
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N'EBTTZuk, the spiral in Ganes 
Venatici, 35, 37 

the Grab, 38 

spectrum of a nebula, 155 

the old theory of nebulfld, 155 

the new theory, 157 

the problem of the G-reat 
Nebula in Andromeda, 158- 
159 

the Great Nebula in Orion, 
162, 214 

the story of the Nebula in 
Taurus, 214-215 

process of nebular condensa- 
tion, 38 



Nebula, permanent appearance of 

nebulae, 217 
Nebular Hypothesis, Laplace, 212, 
217-219 
Herschel, 212-217 
arg^ument from the planets, 

220-222, 225 
argument from the comets, 

222-224 
argument from the sun, 226- 

229 
argument from the earth, 228 
Neptune, conditions of life on, 48- 
49 
discovery of, 148 
Newcomb, Irof., our sidereal sys- 
tem, 210-212, 217, 219 
on comets and meteorites, 308 
Newton and the moyements of the 
Pole, 67 



Orion in remote antiquity, 20 

the Great Nebula in, 162, 

214, 236 
Theta Orionis and its relation 
to the nebula, 236-239 
Ovifak ** meteoric iron" of terres- 
trial origin, 349-352 



Pbbbotin, M., observations of 

Mars, 142 
Photography, proof of earth's rota- 
tion, 55 
application to astronomy, 158 
chart of the heayens, 167 
photo-measurements of annual 
parallax, 167 
Pickering, Prof., his study of 

Mizar, 192-193 
Planets, the, in the carboniferous 
era, 19 
through the telescope, 40 
clouds and oceans of, 41 
comparatiye sizes of, 4) 
conoitions of life on, 44-45 
favourable times for observa- 
tion, 106-107 
the law of gravitation, 198 
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Planets, ih6 Nebular HypothesiB, 
220-222 
search for an intra-Mercorial 
planet. 108-109 
Pleiades, the theory of a central 

siin, 231-235 
Pole Star, the, in remote antiquity, 
20 
of the fatore, 56 
Pole, the oelestlal, photographed, 
53 
shifting of the, 55-56, 62 
its period of rotation, 56 
Pole, the tezTestrial, the position 
of, 57-60 
its position in antiquity, 59 
its movements, 61-63, 65-67 
how detected, 68-73 
extent of its shift and period 
of rerolution, 74 
Probability, the doctrine of, in 
astronomy, 220, 241, 245, 
328-331 
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RoBBBTs, Dr., the photograph of 
tiie Great Nebula in .Andro- 
meda, 158 

Rowland, Prof., solar researches, 
168 
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Satubit, in remote antiquity, 19 
through the telescope, 124 
formation of his rings, 219 
Schiaparelli's work on Mars, 141, 

144 
Schuster, Prof., and the coronal 
spectrum, 94 
the Aurora Borealis, 163 
electric connection between the 
sun and planets, 164 
Sirius, in remote antiquity, 20 
and the spectrum of hydrogen, 
165 
Sidereal system, our, mass, rthape 
and size of, 210 
Plof. Newcomb's calculation, 

210 
critical velocity of the lumi- 
nous portion, 210 



Sidereal system, the dark bodies iu, 
211-212 
the dark more numerous than 
the bright, 240-241, 245-246 
is it isolated? 208 
stars outside it, 209 
Sky, area of in degrees, 238 
Smith, Prof., Lawrence, on the 

origin of meteorites, 308 
Space, is it infinite? 247-252 

systems in space, 208 
Spectroscopy, the reading of the 
spectrum, 149, 150 
application of spectrum analy- 
sis to the heavenly bodies, 
151-164, 157, 165-166 
spectrum of a nebula, 155 
movement in the line of sight, 

169, 166, 172-174 
explanation of the method, 

175-179 
Keeler*s measurements, 160- 

162 
the spectrum and terrestrial 

elements, 168 
the spectrum of the sun com- 
pared with that of the earth 
at sun-heat, 169 
the voyage of the solar system, 

28-30 
observation of the solar pro- 
minences, 86-87 
observation of the solar corona, 

92-94 
the problem of Algol, 179-184 
measurement of stars, 185-187 
spectroscopic solution of double 

stars, 191 
[See aUo Haggfins) 
Stars, velocity of, 12 

lustre and distance, 15 
apparent contiguity, 235-236 
proper motion of, 17 
old method of measuring move- 
ment, 161 
spectrum analysis, 151 
** fixed stars'' a misnomer, 171 
white stars, temperature of, 1 65 
Polaris in antiquity, 20 
Aroturus, distance of, 161 
Algol, problem of, 179-184 
Northern Crown, new star in, 

154-165 
Cygnus, new star in, 215, 216 
61 Gygni, distance of, 13 
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Stars, Alpha Oentauri, 208, 330 
Groombridge No. 1830, 12, 

208, 209, 211 
binary, 15 
colour problem, 152 
Huggins' explanation, 153 
the spectroscope, 191 
in proof of miiTersal gravita- 
tion, 201 
aotnal and apparent propin- 
quity, 201 
movements discovered byHer- 

schel, 202 
Xi Ursee Majoris, 202 
Star-groups of a million yearn ago, 
12, 15-18, 20 
transformation of, 172 
Stumpe, Prof., and the movement 
of the solar system, 24-25 
Sun, the, of the coal measures, 17- 
18 
voyage through space, 21-31 
the Erection of voyage, 21-25 
velocity, 21, 26, 28, 30, 31 
new method of studying the 

prominences, 86-87 
study of the corona, 87, 92-93 
nature of the corona, 164 
Schuster*B researches, 94 
rotation of the photosphere, 93 
solar atmosphere, 126 
electric connection between the 

sun and planets, 164 
velocity of sun*8 rotation de- 
temoned by spectrofioope, 
166 
researches of Professor Bow- 
land, 168 
■olar spectrum compared with 
that of earth at sun- heat, 169 
the Nebular Hypothesis, 226- 

229 
theory of a central sun, 231-235 
history of the sun, 242 
future extinction of the sun, 

243, 275 
waste of solar heat, 263 
the heat problem, 266-272 
Helmholtz*s theory, 269, 369 
terrentrial elements in the sun, 
300 



Sun, solar explosions, 339, 344 

the molecular theory and solar 
physics, 369 



TEMPBBA.TUBB at confincs of the 

atmosphere, 127 
Terby, Dr., observations on Mars, 

142 
Todd, Professor David, and the 

EcUpse of 1893, 89 
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TJmvEBSB, the, is it of the same 
substance throughout P 206 



Vboa, future pole star, 56 
Velocities, critical, 132 

on the sun and planets, 314 
Venus in remote antiquity, 19 

through the telescope, 40, 122- 

123 
compared with Mars, 121 
topography of, 123 
Vogel and the voyage of the solar 
system, 30 
his spectrum researches, 160 
Volcanoes and meteorites, 333 
projective energy, 334 
force of primeval volcanoes, 

335-337, 341 
the unif ormitarian hypothesis 
denied, 336 
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WoBiJ)B, other, 32, 40 

the smallest world containing 
air and water, 134 



Xi Ursse Majoris, 202 
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